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‘THE VERTICAL DISTRIBUTION OF ATMOSPHERIC EDDY ENERGY 
By Caru-Gustar Rosssy, United States Weather Bureau, August, 1926 
. (This paper presents a portion of the results of investigations carried on by the author as a fellow of the American-Scandinavian Foundation for 1926) 


INTRODUCTION 


In this paper an attempt is made to study theoretically 
the vertical variation of atmospheric eddy viscosity (c,,) 
and its relations to the distribution of temperature and 
wind with height. An nt ange of this kind seems 
desirable for several reasons: The observed values of Cy, 
vary between such wide limits that it hardly is possible 
to say what the individual observations really represent.' 
A rational grouping and:interpretation of these empirical 
data can not be accomplished until theoretical considera- 
tions have given an indication as to the connection 
between cy and the chief factors which regulate the pro- 
duction and consumption of atmospheric eddies, viz, the 
vertical stability of the stratification and the rate of 
Mesring between superposed layers of different horizontal 

ocity. 

Recently a few systematic attempts have been made 
to calculate the vertical distribution of c,, from obser- 
vations of the variation of wind with height, the hori- 
zontal barometric gradient being known (/). e curves 
thus obtained show certain characteristic features, which 
likewise seem to pps lasic a theoretical explanation. 

The author has already on an earlier occasion (2) tried 
to show how a solution of the problem above formulated 
could be ota continued study of it seemed how- 
ever to indicate that the method then used would not 
be adequate to the purpose and it was abandoned. The 
chief aid in the paper here presented was obtained by 
pospting a certain theorem in an important paper by 
L. F. Richardson ($), giving’ an extension and application 


of Reynold’s Criterion of Turbulence to me ow sys- 


tems. ' This theorem has'the form of an in equation, 
expressing the rate of increase of the total energy within 
4 vertical air column as the sum of the rates of inflow of 
eddies through the boundaries and production of eddies 
within the system. Richardson’s theorem is here applied 
to air columns of infinitesimal height and thus changed 
into a differential equation. In performing this trans- 
formation it was necessary to make a hypothesis con- 
cérning the vertical transport of eddy energy. The one 
here made is that it follows the same law as the vertical 
transport of heat! and ‘momentum, in accordance with a 
suggestion madé by Richardson (3). 


I. THE FUNDAMENTAL EQUATION 


Let x, y, and h be the three orthogonal coordinates 
(h the height above ground); let E’ be the total turbu- 
lent energy within the atmospheric volume V and u 


and » the two horizontal mean wind components in the | 


direction of x and y, respectively. Then the rate at 
which the kinetic energy of the mean motion is trans- 
formed into eddy energy can be expressed by the formula 


1 A very com table of observed values of cx is L. F. Richardson in 
“Weather by Numerical Process,” C niversity Press, 1922. 
11392—26}———1 


During turbulent stirring of the air a certain part of 
the eddy energy is transformed into potential and thermal! 


energy. The rate of this energy conversion is, according 
to Richardson: 
2) few $ de dy ah 


Here cy represents the eddy convectivity, g the gravity 
acceleration, 7 the absolute temperature, a, the adia- 
batic, and a@ the actual, vertical lapse rate of tempera- 
ture. It is seen from (2) that in the case of superadia- 
batic lapse rate the process is reversed, i. e., potential 
and thermal energy are then transformed into turbulent 
energy. 

Through the action of molecular viscosity a certain 
fraction of Z’ is transformed into heat. For this fraction 
Richardson gives the expression 


(3) rE’, 


where the coefficient » depends upon the linear dimensions 
of the eddies: If we assume, however, that their size 
remains constant throughout the portion considered, we 
regard as a constant. 

f throughout the boundary there is no transport of 
eddies to or from V, then the sum of the quantities (1), 
(2), and (3), each taken with its proper sign, must be 
equal to the total change in EZ’. Thus we get Richard- 
son’s equation 


da dy dh—vE’ 


Let us now apply (4) to an atmospheric system of 
unit. cross section and height dh. The equation (4) then 


changes into 
—vpEdh 


Here E denotes the eddy energy ed unit mass. To the 
second member of this equation there must be added an 
expression for the rate of inflow of eddy energy through 
the boundaries. 
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We know that turbulence gives rise to a vertical transfer | rt i 
*~ tion real conditions are depicted only in 


of horizontal momentum with the components 


ou ow 
— Cy dh’ —Cy dh 


In the same way the eddy transfer of potential tempera- 
ture (0) can be expressed in the form: ~ to 


06 


Now, it is known from experience that eddies are able to 
diffuse from one layer to another; in fact, this is what 
we observe on a large scale when we watch the growth 
of the summertime cumulus clouds. We assume as an 
approximate expression for the rate of this diffusion of 
eddy energy: 


oE 
—Cr oh’ 


which is analogous to the formulae for the eddy transfer 
of heat and momentum previously given. A similar 

ression has already been proposed by Richardson.’ 
Waking into account this vertical diffusion of eddy 
energy, we finally obtain: 


—vpE+ | 


As long as the relations between cy, Cz, Cz, and E are 
unknown, the equation (6) is of little value. If cy, cx, 
and cg could be expressed in terms of E£, then the solu- 
tion of (6), together with certain boundary conditions, 
ought to give the vertical distribution of eddy energy 


ou\? 
corresponding to given values of a and thon) 
We know that in systems where the average size 
the eddies remains constant the quantities ¢y, cy, and 
in all probability also cg, increase with EH. Further- 


more, we know that they disappear for E=0. Conse- 
quently, as a first approximation, we may introduce the 


expressions: 
(7) Cg =aE 

Cy = bE 

Cz = cE, 


where a, 6, and ¢ are constants. From observation it 
has been found® that | 


(8a) Cu = Cy 
Therefore, 
(8b) b=c. 


In the numerical examples given later the identities 
(8a) and (8b) are extended to include also cg and 4a, viz, 


(8c) a=b=c. 


? Richardson’s expression does not apply to the eddy energy per mass (EZ) but to the 
“potential eddy energy per mass,” EZ a é referred to some standard density si 


Richardson arrives at this expression through the application of thermodynamical meth- 
ods to the study of eddies. He proves that ifa ato air volume containing numerous 


eddies is expanded z(* be remains constant. Thus the eddies behave like the mole 


cules of a monatomic gas. For the schematic theory outlined in the following pages we 

This was sugges ‘aylor i on, 1915) and later 
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It must be kept clearly in mind that ahi this assump- 
t 


eir rough out- 
lines. This becomes still plainer if we remember that c,, 
probably has two ve different values for the transport 
of momentum parallel to the wind and across the wind 
(Richardson, ‘‘ Weather Prediction by Numerical Proe- 
ess,’”’ page 73.) 

Combining (6), (7), and (8), we obtain 


From this equation it should be possible to derive the 
vertical distribution of EF as well as the change of E with 
time, when the boundary conditions are given. If the 
equation (9) can be verified and the constants a; b, and » 
properly determined, then it offers one great advantage 
for the determination of #. Computing cy and thus 
also £ in the ordinary way from the hydrodynamical 
equations, we obtain the formula 

u ha 
eu(h,) (Sr), + 4 vdh 
= 
Oh 


The z-axis runs in the direction of the gradient wind. 
© is the angular velocity of the earth and ¢ the latitude. 
Cy is therefore expressed as a ratio between two quantities 
which in a rather short distance from the ground rapidly 
appapech zero. Thus a hydrodynamical determination 
of ¢y for greater heights becomes almost impossible. 
This difficulty is avoided by use of the equation (9). 

It is 38 seen that on account of the diffusion term 


a s [#3 the equation (9) is no longer linear, This 


means, mathematically, that the sum of two partial solu- 
tions of (9) will not give a new solution. Attempts have 
been made to differentiate between ‘‘thermal” and 
“dynamical” turbulence, the latter being the turbulence 
which is supplied exclusively from the kinetic energy of 
the mean motion. It is easily seen from (9) that the two 
kinds of turbulence react upon each other, Attempts to 
differentiate between them must therefore be. futile. 
However, if we assume an atmosphere in which the com- 
ponents wu and v of the mean motion vanish, we may spe 
of a pure convective or thermal turbulence. In the same 
way it is possible to discuss a pure dynamical turbulence, 
if the study is limited to an incompressible liquid, for 
instance a turbulent river. . In the following section some 
integrals of (9) for the limiting case of pure convective 
turbulence are given. 
Before deriving these integrals we shall, however, draw 
one conclusion of a more general character from (9). 
Under stationary conditions this equation takes the form 


(10) 


Now integrate (10) between H; and H, and suppose that 
Beis equal to zero at these limits. The result is: 


(12) I: Bah=0. 
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Since E£ is essentially positive, the integral (12) can not 
vanish unless ¥’ changes its sign at least once between 
H, and H, or remains equal to zero in the entire interval. 
In layers where y’ is positive, eddies are produced; where 
y’ is negative, eddies are consumed. Since consumption 
and production of eddies are proportional to ¥’, we ma 
introduce for this quantity the name “eddy productivity.”’ 
Thus: If within a volume V the state of turbulence is 
stationary and through the boundaries no transport of 
eddies takes place, then V must contain eddy producing 
as well as eddy consuming layers. In the atmosphere the 
eddy producing layers are generally found next to the 
ground, where the vertical increase of wind velocity and 
the temperature gradient have their greatest values. 
The upper layers, in which the wind remains more or less 
constant and the temperature lapse rate has a smaller 
value, are generally eddy consuming. ' 
Il, CONVECTIVE TURBULENCE IN THE FREE ATMOSPHERE 


All through this section it will be assumed that the 
velocity components of mean motion (u, v) vanish. The 
eddy productivity y’ therefore reduces to : 


y= a) +19}. 


As has been pointed out, the numerical value of » 
largely depends on the size of the eddies. Assuming their 
average linear dimensions to be about 10 meters, Richard- 
son finds for »y a value of 2.6.10~* sec.'. This means 
that frictional forces alone would in 24 hours reduce a 

iven supply of eddy energy to 0.8 of its original value. 

ow it is seen from the expression (I, 11) that the vertical 
stability of stratification acts upon the eddies in the same 
way as does the friction. Through the numerical exam- 
ples treated below it will be shown that the smothering 
influence of the vertical stability is far more effective than 
that of the viscosity. erefore, it seems justifiable to 
neglect in the expression for the eddy productivity the 
term vp, at least when the lapse rate is not too close to the 
adiabatic. Thus, we get 


(13) 


Let us How suppose that in an unlimited atmosphere 
the. following temperature distribution is maintained 
through radiation. In @ certain layer, between h= —H 
and h= + H, the lapse rate is constant.and superadiabatic, 


¢ 


A In the adjacent layers ‘the lapse rate is constant and 


than adiabatic, 
< 


In the intermediate layer we have a positive eddy 


Ve 
Ih the surrounding layers the eddy productivity ‘is 

' If the variations in T be neglected, then the quantities 


Yo and y,’ may be considered as constants. We shall now 
to compute a stationary distribution of eddy energy 
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E, that corresponds to the given distribution of eddy pro- 
ductivity. Under stationary conditions the fundamental 
equation (I, 9) has the form: 


Rehan us first discuss the intermediate layer. There we 
ve 


where 


T, is the absolute temperature at the center of this 
layer. The equation (14) can be written 


inl ER) E- 0, 


bE 8 bE 
Integrating with respect to EZ, we obtain 


(16) - m. 


Since the variation of 7 with height has been neglected, 
it is obvious that Z must be symmetrical with regard to h. 
Thus ue must vanish forh=0. If we denote by Z, the 


value of £ at this height, we can write (16) in the form 
(16b) 


Now let us introduce the quantity 


(17) 
Then we get 
(18) 
or, after integration, 

In the surrounding layers we have 
where | 


Treating this equation in the same way as (14), we 
obtain 


bE 
or, after integration, 
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The eddies which are generated in the intermediate 
layer and diffuse upward and downward will gradually 
be consumed in the surrounding layers and their energy 
will be transformed into potential. and thermal energy. 
At a certain distance the dissipation of the eddy ene 


will be complete, i. e., we there have E=O. Since oa 
in any case can not be infinite at this height, it follows 


that 

0. 
The equation (22) therefore is simplified to 
(23) 


This gives, after integration, 
(24) B=". 


Hi, is the constant of integration and gives the height at 
which the eddy energy is totally dissipated. 

Let us next discuss the conditions at the boundaries 
between the la — There the following requirements 
must be fulfille 

(i) The diffusion stream of eddy energy must be con- 
tinuous. 

(2) The eddy energy EZ must be continuous. 

If we denote by E, the value of E for h=H, then we 
obtain from these and from vit equations 
and (23), 


or 
(26) = ey. (<i): 


Combining (26) and (19), we obtain 


can be compu 


Since ¢ is a known quantity, ted and we 
from the equation (27). 


are therefore able to determine 
The result is | 
(28) Eo= 

We still have to compute pear H,. From (24) 
it follows that | 


1 


or 


2 6 

30 H(1+5 vids 

q 
From the formule (28) and .(30) it is seen that —_ maxi- 
mum intensity of the eddy energy is portional to the 
square of the height of the eddy-producing layer. The 
total hei ight of the turbulent layer is proportional to the 
height of the eddy-producing layer: )In the table below 
the solution of the problem is given in a condensed form. 


Aveust, 1926 
(A) between h=O and h=H 


[24 


E, 
(B) h=H andh= A, 


H( 


(Hy—hy 


Actual 
/apse-rate 226mr 


lapse-T2le 


Figs 


As an illustration of this integral: numerical example 
has been computed and plotted in Figure 1. » The thick 
ness 2H of the superadiabatic layer has been ‘assumed to 
be 100 m., the superadiabatic lapse rate a 1.3° C. per 
100 m., and the lapse rate in the surrounding layer 
0.7°.C, It is. seen from the thatthe 
which the eddy current from superadiabatic layet 


totally disappears, is equal to 226 m. This value 
independent of the numerical value of the ratio ,, and 
should therefore be rather reliable. The maximum: mae 
of the eddy energy is equal to 0. 64. 


gram: 


eee 
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«In Figure 2 a diagram is given of the elliptic integral 


which occurs in the solution givén above. 


It may seem absurd and.in contradiction with observed 
conditions that a superadiabatic layer like’ the one here 
assumed should not exert its effects through more than 
226 m. in each direction, epectaily if we compare this 
result with conditions on a clear, warm summer afternoon, 
when the convection currents from & rather thin super- 
adiabatic layer at the surface extend thousands of meters 
in height. We must, however, keep in mind, that we’ 
have assumed the eddy producing layer to be surrounded 
by stable air masses with a lapse rate of 0.7° C. per 100 m., 
while in the case of summer convection the superadiabatic 
gradient in the bottom layer is followed above by an 
adiabatic lapse rate extending practically as far as the 
convection currents themselves. Therefore, the numer- 
ical example just treated illustrates how effective even 


the comparatively high gradient of 0.7° C. is in suppress- _ 


ing turbulence. ,Thus'we may conclude, that the eddies 
created in the lower lay- 

ers of a stable air mass a 
as soon as there is wind, 

are able to diffuse up- 
ward only with great 27 aS 
difficulty. In this “re- a6 
spect the stable, atmos- 
phere differs widely from 
an homogeneous incom- 
pressible fluid, for in- 23 
stance a river, where oz 
only frictional forces 
counteract the upward 


lence from the bottom | Fio. 2 \' 


layers. 

Returning to the fundamental equation (I, 9) we shall 
now compute how an initial, limited eddy supply is 
diffused upward and downward under different’ tempera- 
ture conditions. Assume the atmosphere to be unlimited 
and the vertical lapse rate to be a<a,. The equation 


then takes the form _ 


(31) -vE, 
where 
(32) (a,—a). 
Here 7 is regarded as a constant. If we introduce new... 
variables, 
then the equation (31) can be simplified to... 
OF 7,0 
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Supposé the eddy disturbance £ to be limited to a region 


and for’ the analytical form’) 
(36) E=1— ma’. 


5 


In this expression 7 and m are functions of r. 


Substi- 
tuting this expression for Fin (35), we find : 


+1)— (m’ + me? +2 =0, 
or 
(37) +1) — (m’ +m)z? + 2lm — =O. 


The primes indicate differentiation with respect to 7. 
From (37) it is evident that the following requirements 
must be fulfilled, namely: 


l’+l+2lm=0 


m’ +m+6m?=0. 


The second equation (38) gives after integration 


(39) 6m,+1—6m,e-* 
and the first 


Here J, and m, are the values of J and m fot the time 7 =0. 


~ The upper limit (H) for the turbulent layer is given by 


+ 1) — binge 
Taking the square root of each member, we obtitin 
(41), 
\\ 


2H is\the thickness of the turbulent layer at the time r 
and 2H, the thickness of the same layer at the time 0. 
We see that the velocity of the diffusion decreases more 
and more. The layers outside of 


(42) 
will remain unaffected, by the eddies. 


2H =2H,V6m, +1 


_ The total amount of eddy energy, given by the expres- 
ion 


+H 
K= Edh 
is equal to 
K= 51H. 
It is easily found that’this expression has the value 


4 ‘he 
: 
‘ 
i= 
j 
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j 
, 
7 | 
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K, means the total eddy energy at the time t=O. The 
total turbulent energy decreases more and more; at the 
time t=~, when the disturbance has reached the limits 
+ Ho, all the eddy energy has been consumed and trans- 
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Finally consider the case of unstable stratification, 
where a>a,. 
The diffusion equation then has the form 


It is seen that the disturbance now will travel toward the 
infinite, but with decreasing velocity. The total eddy 
energy in this case remains constant. 


formed into potential and thermal energy. 
Now suppose that the lapse rate has such a value that 67) Or ad Oa |* E, 
the eddy productivity disappears, i. e., let us assume ‘sities 
b (a—a) =0. 
\ p 
The diffusion equation then reduces to (48) cnkyy 
roy re) b 
(44) ES (a—a,) 
where 
at 
(45) E=1— mpi? 
m 
224 m- 
m- 
/70m- 
159 m- 
496 
4/6m 
100™m- 100m- 100 m- 
K 
® 4é ® 
ly ly 
x 
r=0.0- M7 0.0~ 
7T20./ 47 
7=0.£23- 
7°05 
M747 
0° More 1.0- 
724.0 
2.0 
Fig. 3a Fig. 3b Fic. 3¢ 
In this case the corresponding solution takes the form: (49) wi 1,e" 
(46) E=1—mi? + (1—6m,) 
I, Moe" 
l = m= 
+1-—6m, 
Mo H= H,v6m,e" + (1—6m,). 
Mo" TS 6m.7 We see that the disturbance travels toward infinity with 
2 an increasing velocity. The total eddy energy (EZ) 
H=H,Vi+6mer increases at the rate 


K= 


the potential energy of the unstable stratification rapidly 
becoming transformed into eddy energy. 


u 
a 
is 
vi 
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_In Figures 3a, 3b, and 3c are given graphical repre- 
sentations in (E, h)-diagrams yg this process of eddy 
diffusion during stable, neutral, and unstable stratifica- 


tions. 
In all three cases the initial disturbance is supposed to 

have the same form and magnitude; its maximum value 

for h=0 is 7-108 oe + For the stable lapse rate we have 


assumed the value 0.8° C./100 m. and for the unstable 
C./100 m. Thus, if we put 


b 
we get, in both cases, 
r= 71078 
p 


During neutral stratification the corresponding equation is 


p 


However, in that case m, has the value 7-10-> and we 
obtain 


mot =7-1075 © 
p 


Therefore, as long as a can be assumed to have the same 
value in all three cases, corresponding values of 7 and 
mot in figures 3a, 3b, and 3c ought to represent equal 
time intervals. 

It must be pointed out that especially in the case of 
unstable stratification the theory above given is rather 
unsatisfactory. The steadily increasing turbulence will 
constantly tend to diminish the lapse rate to the adiabatic 
and thus prevent unlimited increase of £. 

In the examples already treated the temperature dis- 
tribution has been regarded as constant with time. It 
is well known that the eddy transfer of heat (eddy con- 
vection) is one of the chief factors determining the ver- 
tical temperature distribution, which therefore, contr 
to the assumption hitherto made, generally varies wit 
changes in the eddy distribution. If the potential tem- 
perature be denoted by 6, then the equation for heat 
convection by means of eddies has the form 


Substituting from (I, 7), the expression for Cz, we obtain 


In the general convection problem this equation must 
be solved simultaneously with (I, 9). If the quantities 
and a, which occur in (1, 9) are expressed in terms of 
easily seen that To 


ra} 


Vection, are 


Thus. the equations, which determine atmospheric con- 
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General solutions,of this system are not easily obtained. 
f, however, we assume a=c, and substitute a constant 
instead of @ in the last term of (53a), then one simple 
integral can be obtained, which may have some bearing 
upon the rise of cumuli on summer days. Introducing 
the new variable 


p 
and putting | 
(constant), 


we may write our equations in the form 


OF of 06 


(54a) or 
06 Of 


Now suppose that in the layer—H<h< +H the tem- 
perature gradient is superadiabatic, i. e., the potential 
temperature falling, 


(55) 6=09—ah(a>O). 


In the same layer the eddy energy is assumed to be dis- 
tributed according to the law 


(56) 
(57) 


For h> + H the temperature gradient is adiabatic, i. e., 
the potential temperature @, constant, 


For h< —H we have another constant potential tem- 
perature 


The eddy energy is zero forh>+Handh<—H. 
The quantities a, k, and / are functions of 7, which 


‘ must be so determined that the expressions (55) and (56) 


for E and @ satisfy the equations (54). 
. From (54b) and (55) we obtain 


—a’h=+2hla 


or 
(58) a’ = —2al. 
In the same way we obtain Froi (54a), (55) and (56) 
k’ —Uh? — — Th?) + 2lk — 6Ph? =O 
or 
k’ — agk + —aql + 67) =0. 


Since this equation must be fulfilled for any value of h, 
we obviously must-have 


(59) k’ — agk +2lk = 0. 
(60) — alg +6? =0. 
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Eliminating 1 between (58) and (60), we obtain, after 
integration, 


(61) a= 


ay 


Mog? 
1+ 9 


where a, is the value of a for the timer=0. In the same 
way we get 


a 


Qo 
and, from (59), (61), and (62), 
(63) k=0(1 r) 


(62) 


where C is a constant of integration. This constant can 
be determined in the following way. We have 


=6,-A=0,—aH 


or 
A? = H?, 
and, according to (57) 
k 
H?=7- 
Thus 
A? =a? 
or 
ao] q 
Therefore 
(64) 
For H we obtain 
k_A(, 
(65) H= (1+ 9 


: The solution may be written in the following condensed 
orm: 


a,H—,=A 


H=H,(1+0r) 


(66) 
A 
6=8, h 
4H 
The constant velocity of diffusion is equal to 
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is given. 
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If in both the surrounding layers the lapse rate is less 
than adiabatic, then the velocity of diffusion obviously 
has a smaller value than that computed above. 
In Figure 4 a graphical illustration of the solution (66) 
At the time t=O the superadiabatic layer has 
a thickness of 200 m.; the difference in potential tem- 
perature between the upper and the lower air masses is 
equal to 6° C. The distribution of eddy energy at 
different times is given by parabolae. The potential tem- 
perature of the turbulent layer is represented by a bundle 
of straight lines through the point 9. It is seen from the 
figure, a the eddy layer spreads, while at the same 
time the superadiabatic lapse rate more and more 
decreases. 
The difference in potential temperature between the 
upper and lower air layers in the numerical example just 
given may seem rather 
wee great. It is therefore 
appropriate to show that 
differences really 
occur in the free atmos- 
phere. The kite ascent 
363m at Mount Weather for 
October 2, 1913 (4) gives 
between 2,711 m. and 
4,102 m., a temperature 
lapse rate of about 1.5°C. 
soom er 100 m. and in the 
wv gee, Interval 3,020 m.—3,730 
m. even 1.7° C. This 
ward decrease in poten- 
tial temperature of 
- about the same magni- 
tude as that assumed 
above. The reason why 
in this case the super- 
adiabatic lapse rate can 
be maintained long 
enough to make it possi- 
ble for us to measure it 
with our instruments 
Fic. 4 may probably be sought 
in the very stable strati- 
fication of the lower air layers (between 1,999 m. and 
2,673 m. the ascent gives a lapse rate of 0.6° C. per 
100 m.), through which disturbances from the ground are 
prevented from diffusing upward. 


The solution just derived may be applied to the dis- 
cussion of the cause of certain thunderstorms. It has 
been observed, especially in higher latitudes, that thun- 
derstorms frequently occur in the south quadrant of 
barometric depressions. This is explained by Humphreys 
(5) in the fo = way: The movement of the upper 
atmospheric strata follows the isobars, i. e., in the south 
quadrant of a depression the wind aloft is westerly. 
surface wind is—on account of friction against the 

und—deviated toward the center of the depression. 

us, in the south quadrant we have a southwesterly 
surface wind which, coming from lower latitudes, gen- 
erally brings air masses which potentially are warmer 
than the masses transported with the upper west wind. 
In this way an unstable temperature distribution is cre 
ated, which to a certain extent corresponds to the one 


here assumed, and a more or less violent overturning 0 
the air sets in. In an unpublished paper by Mr. H. L. 
Choate, of the United States Weather Bureau, 
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considerations have been applied as a more general ex- 
planation of cyclonic rains. over the United States.’ 


Ill. BOUNDARY CONDITION 


Observations show that within the lowest air layers the 
atmospheric eddy viscosity ¢y very rapidly decreases the 
more we approach the ground. Since we have assumed 


where a is a constant, this should indicate that E, also, 
decreases with decreasing height above the surface. 
However, the coefficient a is a constant only as long as 
the average size of the eddies remains the same. Now 
the eddies in the surface layer are very small. They 
increase in size with distance from the ground. The 
above conclusion is therefore not justified. 

Taking into account the variation of the size of the 
eddies, a should no longer be regarded as a constant. but 
as a function of the height (h). In the same way the 
coefficients 6, c, andvy 
should be replaced bY motor 
functions of h. In 
order to avoid the dif- 
ficulties arising from 
these more general ex- 
pressions for a, b, c, and 
ywemay use the follow- 
ing method: Instead 
of regarding the dimen- 
sions of the eddies as 
continuously 
quantities, we will as- 
sume that all eddies 
can be grouped into Molecular energy (hear) 
two distinctly separate 
classes of i 4 different magnitudes. In the first 
class we count all the large eddies of the free atmos- 
phere. Only eddies belonging to this class are of signifi- 
cance for atmospheric eddy convectivity and viscosity. 
The eddies of the second class are smaller; in the same 
way as we neglect molecular heat conduction and friction 
compared with the eddy transfer of heat and momentum, 
we will also neglect the transfer of heat and mean momen- 
tum through eddies of the second class compared with 
the corresponding transport through eddies of the first 
class. It is well Liiowh that large eddies generally disin- 
tegrate into smaller and smaller eddies, which — 
disappear under the action of molecular viscosity. Thus 
we obtain the scheme for energy transformations in the 
atmosphere, illustrated above. 

We shall here make an additional assumption, namely, 
that the amount of eddy ene: of the second class, 
which is formed rca from the kinetic energy of the 
Mean motion or from the potential energy of stratifica- 
tion, must be small compared with the amount of eddy 
energy of the first class produced during the same time. 

It is probable that sometimes'several small eddies join 
to form a large eddy, but since we know nothing about 
this process it will not be considered here. 

Under the assumptions made above, the equation (I, 6) 
can be used unaltered as an energy equation for eddies 
of the first class. E now means not the total eddy energy 
Per unit mass but the eddy energy of the first class. 
vE gives the percentage of H, which per unit time is 
transformed into eddy energy of the second class. The 
interpretation of the other terms is obvious. : 


paper was presented at the April 1004, meeting of the American Meteorolog! 


Potential energ. 
Of straritica 


fody energy ~ rirst c/ass 


energy = second class 
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. Now let us return to the boundary conditions. If only 
eddies of the first class are considered, then the relation 
(1), where a is a constant, may still be supposed to be 
fulfilled. Since cy very rapidly goes toward zero when 
we approach the ground, it must be concluded that the 
value of E for h=O is equal to zero. Now we will 
assume that in the same way as the kinetic energy of 
the mean motion is very rapidly converted into eddies 
at the surface and in the lowest layer, where the rate of 
sheering is strongest, in the same way eddies of the first 
class are dissolved into smaller eddies along the ground 
on account of friction at the surface. This loss (M) of 
eddy energy of the first class at the ground must obvi- 
ously be equal to the downward eddy diffusion current 
at the surface, thus ' 


@) 


Since Fis equal to zero for h=(O, this means that (3 a 


must be infinite. Hence we get in the lowest layer a 
development for E of the form 


a OF? 


or 


IV. STATIONARY DISTRIBUTION OF £ 


The above obtained bound 
used for determining the vertic 
stationary conditions. 
to the equation 


condition may now be 
distribution of F under 
For that purpose we must return 


(1) +yE=0, 
where 
2 2 


The eddy productivity generally varies with the height 
(h), in which case the integration of (1) offers great diffi- 
culties. However, we may then divide the air column 
into a number of layers and to each of them attribute a 
suitable constant value of y, thus simplifying the 
integration. 
ow integrate (1) in the following case. Between the 
ground (h=Q) and the height H the eddy product 
is constant, positive and equal toy,. Forh>AH the eddy 
roductivity is equal to another, negative, constant, — y. 
hus we have to integrate the equation 


between the limits and H. 
We obtain, as previously shown, 


2/s 2 
(4) constant — 
At the ground E=0. The constant of integration obvi- 
ously must be positive, since it is equal to the square of 


the loss of eddy energy at the surface. From (4) it is 


seen, that EZ increases more and more until it reaches a 
maximum value £,, at the height H,. At this height — 
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and therefore and (14) it follows that 
Thus, From (9) and (15) it follows that 
Substituting for E the expression The amount of eddy energy, which per unit time is dissi- 
pated at the ground, is equal to ; 
(6) E=2E, 4ay,2 


or, after integration, 


z 
_ 
(7) -h (h< Hy). 
Between the constants E,, and H,, we have the relation 
1 
_ 22 _ 
(8) J, 4/ i-2 3 Em Hn 
or 
(9) Ey H,,} 
Between H,, and H we have 
1 
zdz QW, 
(10) Oe). 


If we denote by £, the value of E for h= H, then 


1 _ |W, E, 


In the upper eddy consuming layer we have 


(12) 
and, after integration, 
(13) (H,—h), 


where H, is the constant of integration. E and $Y being 


continuous at the boundary between the two layers, we 
obtain 


= Vol En’ — 


or 
(14) 
From 


(15) HP 


From this formula it is seen that the dissipation of eddy 
energy at the surface is independent of the nature of the 
ground. That may be approximately true in the case 
of pure convection but is doubtless wrong as soon as 
wind is blowing and the turbulence is partly of mechanical 
origin. This becomes obvious if we compare the values 
of eddy viscosity over a pap land surface and over sea. 

However, the influence of the ground will make itself 
apparent in an indirect way. If we assume that the 
wind vector (v) does not vanish at the surface, then 
we get the following boundary condition in determining 
the mean wind distribution: 


(19) 


The vector &, the tangential force between the wind 
and the ground, is a function of the surface wind 
Y»-o and has probably the form 


(20) | | =constant - | mpm» | ? 


The constant in (20) gives a measure of the roughness of 
the surface. The two conditions (19) and (20) have the 
following consequence: Over a rough surface there will 
be very little slipping and therefore a rapid increase of 
wind velocity with height. On the contrary, a smooth 
surface will admit a high degree of slipping. Thus the 
increase of wind with height will in this case be much 
less pronounced and restricted to a rather shallow layer. 
The eddy productivity, being proportional to the square 


of the increase of wind velocity with height, therefore | 


has a high value over a continent but remains—for the 
same gradient wind—comparatively small over a smooth 
surface, for instance, the sea. 

A numerical example has been computed and plotted 
in Figure 5, illustrating the integral obtained above. The 
height of the eddy producing layer has been chosen as 
200 m. Assuming within this layer an average vertical 
increase of wind velocity of 2 m/sec per 100 m. and a 
lapse rate of 0.6° C. per 100 m., we obtain for the eddy 
productivity the value 


In the upper eddy consuming layer the wind velocity is 
constant. Thus we get an 


-0.4-10-*~1.4- 10-4. 


From these numerical data we compute a maximum value 
of E, 4.3-108 ae at the height 135 m. The eddy 
energy totally disappears 599 m. above ground. 
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Now let us compare our computed E curve with the 
observed conditions. The eddy energy (Z) itself can not 
be directly measured, but it is possible from observations 
of of wind to get'a rough idea of the magni- 
tude of £. 4 

M. Robitzsch has eo table’ showing the most 
frequent gustiness amplitudes corresponding to different 
wind velocities (6). 

In the numerical example 

just given. we have as- 

sumed ‘a total increase in 

wind velocity from the 

| ground upward of 4 m. 

400 m- p.s. Since the gradient 

velocity generally can be 

- assumed to be twice the 

surface velocity, the lat- 

_ter would in this case be 

4m.p.s. For this aver- 

- age wind the tiness 

amplitude is about 3.7 

obitzsch about 25 ex- 

10" Gramm treme values of the hori- 

ore zontal wind velocity oc- 

cur per minute. This 

LODY ENERGY would correspond to a 

Fie. 5 riod of about 5 sec. 

e may then substitute 

for the real, turbulent wind a periodically changing hori- 
zontal velocity, 


2xt\cm 
If the vertical components of the eddy velocities are 


supposed to follow the same law, then the total eddy 
energy per unit mass must be equal to 


E 5 3( 5 dt “760 (370) 2.6 
Now, Robitzsch’s data are based upon records from an 


instrument placed about 7 m. above ground. Our theo- 
Tetical solution gives at the same height an E-value 


several times larger, 12.9-10° i - It must, however,’ 


be kept in mind, that the vertical change in EF at these 
lower levels is so great that'a comparison between theo- 
retical and observed values for single points becomes 
extremely difficult. 

Since, according to (I, 7), E and cy are proportional, 
the computed curve also represents the variation of the 
eddy viscosity with a It is seen, that in its general 
features this curve we with Solberg’s result and 
also with some curves for the vertical variation of ¢y over 
the sea, which the author has calculated from certain 
pilot balloon observations * over the North Atlantic dur- 
ing the summers 1924 and 1925. Cig. 6.) The curve 
Marked s is made up from winds with a southerly com- 
ponent and should therefore represent a stable stratifi- 
cation. The « curve is computed ftom winds with 
4 northerly component (air temperature below water 
temperature) and should thus be characteristic for an 
unstable stratification. The curve m was obtained from 


‘These data will be published in Geografiska Annaler, Stockholm. 


the atmospheric eddy energy 
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the entire material. It is seen that the s curve reaches a 

well-developed maximum already at 80 m. above sea 

level. In case of un- 

the 
y-producing layer 

must evidently much 

deeper, since the edd 

viscosity does not reac ( 

its maximum value with- ,.,, 

in the lowest 200 m. 

this connection it 

may be of interest to Vu 


magnitude of the con- 
Fie. 6 
magn a 
We have 
a= 


According to the example just given and to measurements 
of the gustiness we have 


magn E=10*. 
On the other hand. 


magn Cy =10' to 107. 


Dw 10' to 10? 
_ Magn ey _ 1 
3 magn E 10* 


Assume for a the value 107°. We then find from 


Figure 5 a maximum value for cy of 43 grams, which 


cm X sec 
is in good agreement with observations. 

The constant a being known we are able to calculate 
numerically the diffusion velocities derived in section II. 
It is seen that they all fall within the limits which could 
be drawn @ priori. Closer comparison is impossible as 
long as reliable measurements of the eddy diffusion are 


wanting. 


to 107”. 


SUMMARY 


(1) Starting from an energy equation given by L. F. 
Richardson, the author derives a differential equation for 
r unit mass (£). The 
assumption is made that the diffusion of eddies follows 


the law 
ty 


and that the coefficient cg, as well as the coefficients of 
eddy viscosity and eddy convectivity, are proportional to 
E. The conception eddy productinty is introduced, 
and it is shown that the production of eddy energy per 
unit, mass and time is equal to y. £. 

(2) Some integrals to the equation for Z are given for 
the case of an unlimited atmosphere at rest. First, the 
special stationary distribution of E is derived, which 
occurs when a narrow eddy-producing layer is surrounded 
by two eddy-consuming layers. It is shown that even a 
comparatively high lapse rate of 0.7° C./100 m. is very 
effective in suppressing eddy diffusion currents. 

Furthermore, the diffusion of an initially limited 
or supply during different temperature conditions is 
studied. It is found that in case of stable stratification 


(h =the height above ground), 
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the diffusion will never reach beyond :certain limits. 
During unstable stratification the eddies travel with 
increasing velocity toward infinity. » al 

Finally the equation for Eis combined with the equa- 
tion for eddy convection of heat, and an integral is, de- 
rived which gives the simultaneous changes in) # and @ 
(the potential temperature) when two. infinitely thick 
adiabatic air layers are separated by a thin superadiabatic 
layer and overturning setsin. The solution is:applied to 
the discussion of the cause of certain thunderstorms. 

(3) Under the assumption that close to the ground the 
large eddies of the free atmosphere ‘are rapidly annihi- 
lated, it is found that Z here must’be proportional to -/h. 

(4) This boundary condition is for deriving a sta- 
tionary distribution of Z in a limited atmosphere. Since 
E and the eddy. viscosity are proportional, the resulting 
curve for E can be compared. with known values of the 
= of eddy viscosity with height and fair agreement 
is found. 
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A FURTHER STUDY OF EFFECTIVE RAINFALL 


By J. F. Voornezs 
{Weather Bureau, Honolulu, Hawaii] 


With every new attempt to find a correlation between 
rainfall and the growth or yield of some crop one is more 
deeply ichipreesdl with the need for further information 
concerning effective rainfall and the factors which de- 
termine how large a proportion of a given amount of 
precipitation may be utilized. The problem has been 
attacked, directly or indirectly, by many investigators 
and from several angles, but we still have no information 
that is definite enough to make a satisfactory basis for 
a correlation between precipitation and yield. Yet we 
Ret apparently high correlations in many instances. 

or example, the correlation coefficient between June 
rainfall and the yield of oats at. Akron, Colo., as calcu- 
lated by Mr. Mattice, of this bureau, is +0.91 +0.03. 
This is thirty times’ the probable error but when we try 
to discover just what this high correlation is good for 
we find it worth very little indeed. If yields;are calcu- 
lated by the least square formula y’ = ba +a, the standard 
deviation of y—y’ is found to be 59 per cent less than the 
standard deviation of y. But the departure of y’ from y 
was 75 per cent of the mean value of y one-fifth of the 
time, which would make our calculated yield little if any 
better than a rr guess, and practic worthless for 
predicting yields. 

The amount of water used in making a crop of corn 
has been so often determined and the results are in such 
close agreement that we may feel reasonably certain’ that 
each a of dry matter in a'corn plant will have used 
from 250 to 400 pounds of water, depending on the fer- 
tility of the soil. The larger amount will have been used 
on the poorer soil. ‘Thus, after it ‘has been harvested 
and weighed, we can tell about how much water a given 
crop has used.’ q 


It has been shown also that the application of manure 


or of a straw mulch will increase the moisture-holding 


capacity of most ‘soils, amd measurements have been 


made of the amount of water available in the upper 
layers of various soils when saturated. Here, again, we 
have nothing on which a forecast could be b ‘ 


In a previous paper (this Review, February, 1925) 
the writer attempted to determine the amount of effec- 
tive rainfall by a process of elimination. First, there was 
deducted a minimum amount which it was assumed would 
be lost by immediate evaporation after each rain. Second 
there was deducted the amount discharged in the streams, 
as evidently having been of no benefit, whether or not 
it might have been beneficial under different conditions. 

This left an amount which presumably escaped, either 
by transpiration or evaporation or both. It was sug- 
gested that under favorable conditions a growing crop 
might utilize the major part of this residue and that it 
might also be able to reduce the portion lost in the 
streams. 

It is now proposed to try to throw a little more light 
on the question of effective rainfall by considering a 
particular case. 

We first present the charts, A to F, showing for Knox- 
ville for each of the months March to August, inclu- 
sive, the total number of days in the 27 years of record 
which have had rainfalls of the indicated amounts. The 
abscisse represent days and the ordinates rainfall in 
inches and tenths. Each column represents the rainfall 
for one day and the total of the figures at the bottom gives 
all the rainy days for the given month for the 27 years. 

The heavy horizontal line at the 0.1-inch mark cuts off 
of the bottom the amount. probably lost by immediate 
evaporation. In March this amounts to 20 per cent of 
the total rainfall. Then, since the.previous study showed 
that 70 per cent of the March rainfall appeared in the 
river, a line was drawn at a point. cutting off 30 per cent 
from the bottem and leaving the 70 per cent which 
appeared in ‘the river above... The part. between these 
two lines, or, 10 per cent of the total, .is the amount 
normally used in transpiration or lost later by evaporation 

Next, it seemed worth while to make some distinction 
between surface run-off and water reaching the river by 
seepage. It was assumed that all water above the min 
mum stage of the river, for a given month, was due to 
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surface run-off and the rest to seepage. Using 21 years’ 
record of rainfall, river stages, and discharge data, 
monthly percentages of total rainfall were obtained for 
seepage and surface run-off. For March these percen- 
tages were: Seepage, 31 per cent, and surface run-off, 39 
percent. Then, since surface run-off usually occurs with 
the heavier rains, a line was drawn cutting 39 per cent 
of the total rainfall off the top. This line falls at 0.52 
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inch, indicating that only on days having over 0.52 inch 
of rainfall will there be any re date run-off, and that all 


amounts above 0.52 inch run off. Of course, this is not 
true in every case, but only on the average. When the 
rain falls rapidly there is often surface drainage, though 
the total amount of precipitation may be less than 0.52 
inch; on the other hand, greater amounts falling slowly, 
when soil moisture is depleted, may all soak in. 
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Table 1 shows for the months March to August the 
average percentage of total rainfall lost by immediate 
evaporation, surface run-off, seepage, and transpiration, 
as calculated abuve. Table 2 shows the daily rainfall at 
Knoxville, Tenr., for the months March to August, 1911. 


TABLE 1.—Average monthly percentage of total rainfall used 


March} April | May | June | July [ August 


Immediate evaporation. 20 23 25 22 22 23 
Transpiration __._. 10 16 29 47 50 51 
Seepage. _. 31 30 26 17 15 13 
Run-off__.. 39 31 20 14 13 13 
Taste 2.—Daily rainfall, Knoxville, Tenn., 1911 
b> b> 
E <j} : < 

| . 56 T. i114 24 -02 |1.12} T. 

15.. +01 
68 |..... Total __./4. 25 |7. 64 |1. 23 |3.32 5.87 | 2.90 


Applying the percentages in Table 1 to the rainfall 
data shown in Table 2 the results shown in Figure 1 
were obtained. In this diagram the portion of the 
rainfall represented by the total discharge of the streams is 
below the line zy, while the portion normally used by 
transpiration or lost by evaporation appears above that 
line. The areas lettered A, B, C, and D indicate the 
amounts disposed of in each way each month, as follows: 
A, immediate evaporation; B, transpiration and later 
evaporation; C, seepage; and D, surface run-off. Note 
the total of the areas marked B, 6.86 inches, which under 
average conditions would be divided between transpira- 
tion and evaporation. 


RAINFALL 
APRIL JULY 
A AUGUST 
JUNE 
MABCH MAY A B 
A : & 
A ~ IMMEDIATE EVAPORATION 
D B - TRANSPIRATION AND EVAPORATION 
C - SEEPAGE 
D - SURFACE RUNOFF 
Fi. 1 


Leaving this phase of the subject for the moment, we 
will now consider certain fields of corn that were under 
observation in 1911. 

In that year the writer grew a few acres of corn near 
Knoxville, Tenn. The land was fairly gud being 
partly new ground, the rest having been cultivated but 
one og since the timber had been cut off. 

The crop started off beautifully, but dry weather 
during May and the first half of June injured it badly 
and the final yield was about 18 bushels per acre. In 
this field the soil was broken about 6 inches deep, which 
is referred to as shallow tillage. My neighbors, also 
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using shallow tillage, and.on @ great variety of soils, 
obtained practically the same results that I did. Just 
before the rain that came in the middle of June I ob- 
served in many of these fields the corn leaves rolled up 
tight and looking more like pale green spears than like 
corn plants. 

At the University of Tennessee Experiment Station 
that season, there were two small fields which had been 
given deep tillage. The soil had been thoroughly mixed 
to a depth of 14 to 18 inches. The first field had been 
rather badly worn out and was producing about 25 
bushels of corn per acre or its equivalent. Until the 
practice of deep tillage was begun on it in 1910 it was 
not so —_ as my field and no better than the average 
fields of my neighbors. In the spring of that year a 
cover crop of rye was turned under and in the spring 
of 1911 a crop of wheat and crimson clover was thor- 
oughly incorporated with the soil by deep tillage. 

or this field there was no dry spell in June that year, 
and it a 75 bushels per acre. The second field was 
naturally much better than the first, was treated in the 
same way, and produced 114 bushels per acre. 

Referring again to the requirement of 250 to 400 
pounds of water to produce 1 pound of dry matter 
in a corn plant, the larger amount being used on the 
poorer soil, let us assyme that the poorest crop used 
water in the ratio of 400 to 1, the next 300 to 1, and the 
last or best yield 250 to 1. The 18-bushel yield would 
then require 3.5 inches of water, the 75-bushel yield 
10 inches, and the 114-bushel yield 14 inches. The 
rainfall being essentially: the same for all these fields, 
how was the third able to obtain 14 inches of water 
while the first was able to utilize only 3.5 inches, or 
one-fourth as much? 

These soils would probably be classed as silt loams. 
When saturated they might be expected to contain in 
the first 3 feet not to exceed 514 inches of water available 
for the use of plants. Under average conditions this 
amount decreases rapidly after each saturation, and 
under extreme conditions as much as an inch per week 
may be lost. 

. Figure 2 represents the moisture conditions for four 

months beginning May 1, 1911. Since April was an 
18 BU. CROP USED 3.5 INCHES 


STORAGE 
MAY | 
5.5 INS. 


937 
unusually wet month, it is assumed that the soil con- 
tained the maximum amount of water at the end of the 
month or 5% inches in the first 3 feet. Following that 
is shown the rainfall for each month, less the amount 
probably lost by immediate evaporation, as shown in 
e diagonal shading on Figure 2 indicates the amount 
of water used by the 18-bushel crop. By the middle 
of June the corn in those fields in which the crop was 
suffering for water averaged about 5 feet tall. Assumi 
that it would take 1 inch of water to produce that muc 
growth and noting the small amount available in May, 
we find that the crop drew — 0.5 inch out of stor- 
age. If there had been no other losses this would leave 


More than 5 inches still available. As a matter of fact, 
however, there was practically no more available moisture 
i the soil, for the corn stopped growing and twisted its 
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leaves into spears to fight off death as long as possible. 
From the middle of June on the supply of moisture was 
rather large, but the crop was not able to use it all, 
probably because it had been permanently injured during 
the previous ee weather. 

In Figure 3 the diagonal shading indicates the amount 
of water used by the 114-bushel crop in field No. 2 at 
the experiment station. In constructing this figure 
three things have been assumed, all of which are im- 
iene and at least one, the last, could not possibly 

true. It is assumed, first, that the surface soil has 
been filled. with vegetable matter until it is so porous 
that all rainfall is absorbed at once and no surface 
run-off occurs; second, that the deep humus-filled soil 
can retain this moisture near enough to the surface for 
a corn plant to get it, but that during the summer 
none will escape by seepage; third, that the crop makes 
such a dense cover that there is no evaporation from the 
surface of the soil. 

Under these assumptions all the rainfall after the crop 
is well started is available for plant penis except the 
amount which evaporates immediately after each rain 
(represented by A in Figure 1 but omitted from Figure 3). 
Even with these extravagant assumptions, only 8 
inches of water were available after May 1, while the 
crop used 14 inches. It must then have drawn 5% 
inches from storage. We say, however, that 514 inches 
was the maximum amount that this soil could be ex- 
pected to hold in the first 3 feet, so that, under the im- 


Fie. 3 


robable conditions assumed, the crop has used every 
P of water available. As a matter of fact the corn 
probably went deeper than 3 feet for part of its water 
supply, for it is unthinkable that there would be no 
evaporation from the surface from May 1 to August 31 
when these dates included one rainless period of 18 days 
and another of 23 days with practically no rain. 

The 114-bushel crop was 100 per cent efficient in 
utilizing available water, while the 18-bushel crop was 
only 25 per cent efficient. Why? 
+ Let us now consider the soil for a few moments, looking 
upon it as a laboratory, or perhaps better, as a factory, 

ive things are necessary for an efficient factory—mate- 
rial, power, machinery, workers, and favorable working, 
conditions. 

‘In our factory the problem of materials is a very simple 
one. Our materials are air, water, and minerals. The 
air is free and abundant. The water also, as material 
to be chemically combined in the solid matter of the 
plant, is free and abundant; a 100-bushel crop would 
require perhaps 0.04 of an inch of water. The mineral 
material, if deficient in the soil, can always be supplied 
at no great expense. 

_ Our power problem is also taken care of for us, as we 
depend entirely upon heat received from the sun for 
the energy that makes our crops grow. ; 

The machinery of our factory is water. It carries the 
materials dissolved in the soil up into the leaves for 
digestion and elaboration and thence throughout the 
plant to build tissue. The quantity of water empioyed 
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as machinery is probably three hundred times that used 
as material, and it is here that deficiencies are likely to 
occur. A crop of 100 bushels of corn per acre wi 
probably require at least 12 inches of water. In the 
more humid climates a greater amount than this is 
usually received during the growing season of corn, but 
the supply is irregular and there are often periods of 
deficiency of available water. Except where irrigation 
is possible, the quantity received and the time of its 
receipt are wholly beyond our control. 

The worker in our factory is life, in the plant itself and 
in the soil bacteria that prepare food for the plant. We 
can in some cases inoculate the soil with the right kind of 
bacteria, but beyond that point we are helpless except 
as we come to the fifth requirement for a factory, namely, 
favorable working conditions. 

Here our opportunity for effective work begins—and 
ends. We have free material, free power, free machinery, 
free workers, and the only thing we can do to increase 
production to any great extent is to improve the working 
conditions in the soil Ideal conditions would include an 
optimum supply of water, a well-aerated soil, plenty of 
food sinh bertale, and sufficient heat. It would seem, if 
we may judge by results, that in the field producing 114 


1926 


bushels per acre these conditions had been met as far as 
was humanly possible. 

Two things were done in this field that were not done 
in the 18-bushel field. The soil was stirred to a greater 
depth and a very large amount of vegetable matter was 
added. Other experiments have shown that deep tillage 
without extra vegetable matter is of little or no value, so 
that the increased yield in this case must have been due 
to one of two things. Either the abundant supply of 
humus was entirely responsible, or, in combination with 
deep tillage, it furnished conditions favoring the highest 
possible conservation of the water supply, thus stimulat- 
ing the living workers to maximum activity. Whether 
or not the deep tillage was of any value remains to be 
determined by further experiment. 

Finally, it appears that effective rainfall is not a fune- 
tion of total rainfall (except when the latter is the limiting 
factor), but depends entirely upon the condition of the 
soil and the capacity of the crop for utilizing water. If 
one were to offer a a suggestion based on this 
study it would be this: The addition of what, would 
ordinarily be considered an excessive amount of vege- 
table matter to the soil might be a very profitable farm 
practice. 


THE WEATHER INFLUENCE ON CROP PRODUCTION IN REGIONS OF SCANTY RAINFALL 
By W. A. Matrice 
[Weather Bureau, Washington} 


In recent years the surplus of Temperate Zone humid 
lands suitable for economical cropping has become so 
small that the possibilities of cropping in semiarid lands 
have been increasingly studied. Under existing farming 
practices, the world’s food — are produced on a very 
small portion of the land. These lie Meaney, in the 
North Temperate Zone, yet in the Northern Hemisphere 
outside the Tropics more than three-fourths of the land 
has an annual rainfall too scanty to permit of successful 
farming by ordinary methods. 

Under such conditions rainfall has a significance not 
attained in humid regions, because of the fact that at 
best the moisture present is rarely of a some-to-spare 
quantity, and what may be termed an average year has 
barely enough for crops to thrive. 

A recent Department of Agriculture Bulletin, No. 
1304,’ entitled “Crop rotation and cultural methods at 
the Akron, Colo., Field Station,” prepared by the Office 
of Dry-Land Investigations, Bureau of Plant Industry, 
contains much valuable information relative to crop pro- 
duction in that typical semiarid section of the United 
States, and a study of the data contained in it brings 
out many interesting facts as to the weather influence 
on yields. 


In dry-land farming the retention of moisture in the 
soil is of primary yor and consequently the rela- 
tive humidity and the closely associate phenomena of 
evaporation afford a good index for studying the general 
effects of weather on crops. Statistical correlations show 
also that, so far as rainfall is concerned, the amount 
received during critical periods of growth for the several 
crops is of much greater importance than the annual 
amount, notwithstanding a statement in the bulletin 
above referred to that the greatest single factor in crop 

roduction is the amount of annual precipitation. Corre- 
ations show that several other factors give much higher 
coefficients than the annual amount of precipitation. 


methods and merely touches on the weather effect. The data from this bulletin 
serve as a basis for correlation studies herein presented. 


The minimum amount of precipitation necessary for 
successful farming by ordinary methods is generally 
agreed to be between 15 and 20 inches. The Akron 
station has an average annual amount of 17.95 inches, 
but this is an average based on only 15 years. More than 
half of the years had less than this, sometimes reaching 
as low as 13.44 inches. Although the seasonal distribu- 
tion of precipitation is in general more or less favorable 
for crop production, there were years when the amount 
of moisture received was insufficient to maintain plant 
growth, and 67 per cent of them had precipitation below 
normal. 

There also occur in this region rather brief droughts 
which would not appear in a table of monthly. totals. 
While the damage caused by these is difficult to deter- 
mine and the length of time plants can successfull 
resist them problematical, their injurious effect is sufi- 
cient to aggravate materially the results of the generally 
scanty moisture supply. 

The significance of the evaporation is also difficult to 
determine quantitatively, but it appears probable that 
about 1 inch of rainfall is required to offset the effect of 
5 or 6 inches of free water-surface evaporation. Griffith 
Taylor, of the University of Sydney, Australia, found 
that about 5 inches of evaporation was equivalent to | 
inch of rainfall in Australia (1). If this ratio holds true 
for the United States, the effective rainfall for the summer 
at Akron, because of the relatively high rate of evapora- 
tion, is reduced on the average to about 5 inches. 

The Akron, Colo., field station was established in 1907 
and the first crops were grown in 1908; the rotations were 
begun in 1909. The soil at the station is typical of the 
so-called hard land of that region, and the climate con- 
forms to the general conditions a Mag in the drier 
parts of the surrounding Great Plains. 

Precipitation for the 16 years of record averaged 17.95 
inches annually, with an average April to September 
rainfall of 13.69 inches. The latter is about 76 per cent 
of the annual, with the greatest monthly amounts 
occurring from April to August. The temperature % 
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noticeably affected by the proximity of the mountains, 
the frost-free season, averaging 140 days, May 12- 
September 29, being considerably shorter than for lower 
elevations farther east. 

Evaporation measurements were made from April to 
September, inclusive. The equipment consisted of an 
open tank 6 feet in diameter and 2 feet deep, sunk to a 
depth of 20 inches in the ground, with the water level 
maintained at about the surface of the ground. The 
average seasonal evaporation is about 42 inches, or over 
twice the average annual “piper aotenrtay and nearly three 
times the amount during the warm season. 

In this region, where the amount of moisture received 
borders on the minimum needed to support cultivated 
crops, the question of evaporation must necessarily play 
an important part. The rate of evaporation, however, 
depends on so many factors that an adequate determina- 
tion of the amount of moisture lost through this means is 
extremely difficult to determine. Evaporation from year 
to year from a free water surface, however, indicates 
the relative loss from the soil for different years, hence 
measurements that have been continuous at a given 
locality and made with the same instruments are com- 
parable when applied to crop yields. The fact that the 
rate of evaporation correlates closely with the yields of 
some of the crops will be shown later. 

The methods employed in this study to obtain the 
correlation coefficient follow those used by Smith (2) 
and Wallace (3). The first is probably familiar to most 
readers. Wallace’s method supplies means of obtaining 
a multiple correlation using any number of factors; the 
maximum employed in this paper is five. The prepara- 
tions for making the correlations are very simple—the 
departures from the average yield of the various crops for 
the period are compared with the various departures of 
the weather elements. As there are only 15 years of 
record in this case, an agreement of 12 or more of the 
departures seemed necessary for obtaining a coefficient 
enough larger than the probable error to be of value. 
This was verified to a large extent in the actual oe 
out of the correlations, although exceptions were foun 
where an agreement or disagreement of only 10 or 11 
gave a ssa. value for r. 

The crops grown at this station, each by various 
methods, some of them by as many as 13 to 18, were 
winter wheat, spring wheat, oats, barley, corn, kafir, 
milo, and sorgo. Those studied in this paper were the 
first five. Comparison with the weather elements was 
made for each method employed in order to determine 
the method which showed the greatest relation to the 
weather. Summer fallowing proved to be most baffling 
but the conclusion was finally reached that the elements 
which entered into the variations of yield in this case were 
So varied that any attempt to deal with them all would 
be beyond the scope of the available data. 

The wide variations in the yields of the various crops 
are very significant—they indicate that about two-thirds 
of the time the crop is below “‘normal.”’ The compara- 
tively large crops for one-third of the time raise the gen- 
eral average of the period, so that no idea of the most 
probable yield is obtained. Thus, if one expects to grow 
dats in this region without any means of regulating the 
amount of water for the crop, only one-third of the years: 

ull produce a crop worth marketing, as the average 
Yield is so low. 

WINTER WHEAT 


Winter wheat in Colorado is grown mainly in the 
northeastern section, where rainfall averages 15 to 20 
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inches a year, of which about 75 per cent occurs during 
the six months April to September. 

This crop was sown at Akron about September 21, on 
the average, and was harvested about the middle of 
July. Table 1 shows the yields of winter wheat (bushels 
per acre) under eight cropping methods, together with 
the correlation coefficients Sateean the respective yields 
and five weather elements. 


TaBLE 1.—Winter-wheat yields and correlations 


Correlation with— 


Method Tields June Seasonal 


1. Late fall plowing......... 9. 82. 06'+-. 09) —. 70+-. 09|—. 09! —. 10 
2. Early fall plowing__.....- 10. 5\+-. 07 +. 10) —. 12)—. 54-b. 13|—. 44-2. 14 
3. 9. 83. 05 +. 74+. 08|—. 66:b. 00)—. 12 
4. Listing 10. 1}+-. 72ck. 08\+. 52. 13) —. 57. 12! —. 11!—. 49=b, 14 
5. Disking in rotation with 
13. 5|+. 09 +. 12|—. 66-b. 10) —. 64. 10)—. 11 
6. Green manuring with rye.| 14. 2)+-. 11)+. 14/—. 55-b. 12)—. 12|—. 49. 14 
7. Green manuring with 
10. 8|+-. 662. 10 +. 11) —. 60=b. 11) —. 57+, 12}—. 14 
8. Summer fallowing........ 19. 1/+-. 52. 13 +. 15|—. 45-b. 14)—. 14) —. 16 
Mean +. 57+. 12)—. 11|—. 50-:. 13 
ation linches, 
28 28-3 
26 
Normal 
22 
p20 = 20 
pe Raintall Normal 
“4 
2... Normal 
82 Yield Normal. N 
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Fig. 1, A.—June rainfall and yield of winter wheat 3. B—June and aver- 
age spring wheat yield 


That the wheat plant must have an abundance of 
moisture at the time of heading is shown by the occur- 
rence of the highest correlation in the case of yield 
versus rainfall of the June just preceding harvest. The 
importance of fall precipitation to deve x oe of the 
root system is also suggested, though it is less than that 
of the June precipitation. With green manuring and 
fallowing, June rainfall is not so important. The 
negative correlations between yield and December mean 
temperature and June evaporation are most marked in 
the case of early fall plowing. Seasonal evaporation 
apparently is of little consequence. From these facts 
and from figure 1, A, we conclude that June precipitation 
is the dominating factor, and that when it is above normal 
the winter-wheat crop will also be above normal. The 
spread of the dots, however, indicates that there are 
some other factors not taken into account. 

The greatest effectiveness of fall precipitation occurs 
when subsoiling is practiced, enabling the lower soil 
layers better to retain the autumn rainfall and thus to aid 
in establishing the good root system so necessary for 
best growth. June rainfall is more effective with sub- 
soiling and early fall plowing than with any of the other 
methods—again probably a case of making soil moisture 
more easily available to the plants. 

A multiple correlation was worked out for method 3, 
or subsoiling, as this seemed to offer the best relation to 
the weather. The elements used were: (A) June precipi- 
tation of the same year; (B) fall precipitation of the year 
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revious, or immediately after planting; (C) the Decem- 

er mean temperature of the previous year; and (D) the 
June evaporation. The resulting coefficient was 0.94+ 
0.02. This indicates a very good relation between the 
various elements and the crop, and the regression equa- 
tion was found: 


X=1.8A+2.9B—0.6C—1.1D +33.4 


Substituting the values of the elements in this equa- 
tion, we get for the computed yields (bushels per acre): 


Com- 
Actual | Differ- 
Year Pens yields ence 
18 15 3 
4 0 4 


Thus, using this formula, the computed yields agree 
with the actual yields within 1 bushel 40 per cent of the 
time, within 3 bushels 60 per cent of the time, and within 
4 bushels 93 per cent of the time. The large difference 
in 1909 may be due to the fact that the first croppings 
came that year and the plants were not able to use the 
available food. If using the average yield, as is necessary 
without a definite scheme to base estimates upon, the 

ields computed must be +7 bushels, while using the 
ormula reduces the spread to +3 bushels, a reduction 


_ of 57 per cent. While the average yield is only 9 bushels, 


and this probable deviation is a third of it, this is probably 
as close a result as can be obtained on the basis of only 
15 years’ record, or without using data more difficult of 
access. 

SPRING WHEAT 


The average date of planting spring wheat at Akron 
was March 29 and the average time of harvesting about 
the last of July. Table 2 shows the yields of spring 
wheat (bushels per acre) under 13 cropping olakaie. 
together with the correlation coefficients between the 
respective yields and five weather elements. 


TABLE 2.—Spring wheat yields and correlations 


Correlation with— 
Methods Yields | Seasonal| June June | Mayand 
evapora- | eva; all June 
tion tion ~ rainf rainfall 
1. Fall in rotation 
11. 73. 08)—. 76=b. 07|—. 76. 07|+. 69-4. 09/+. 72+. 08 
2. Fall pomes in rotation 
with oats.............. —. Tat. —. 78. 07|—. 10}-+. 07|-+. 75. 07 
3. Fall plowed continuous 
8. 1|—. 742. 08|—. 76. O7|—. 71. 08|+. 71. 08/+. 81-b. 06 
4. Spring plowed in rota- 
tion with 12. 6| —. 77. 07|—. 81. 06) —. 81-b. 06)+. 76-b. 07|+. 73-b. 08 
5. Spring plowed in rota- 
tion with oats. 764. 07|—. 06)—. 64-4. 742b. 08)-+. 83. 05 
6. Spring plowed continu- 
ous wheat............. 11. 5) —. 702. 09) —. 07|—. 08)+-. 67. 10|+. 78-b. 07 
7. Subsoiled ............... 7. 3\|—. 78. 07|—. 79. 06|—. 72. 08)+-. 76. 07|+-. 77+. 07 
8. 3) —. 77. 07| —. 80. 06|—. 72. 08\+. 74-b. 08)+-. 06 
®. Disked in rotation with a 
9. 6| —. 07| —. 83=b. 05) —. 07|+. 82. 06|+. 70. 09 
10. Green manured with 
10. 4|—. 08|—. 76+. 07|—. 07/+-. 72. 08)+-. 08 
ll. Green manured with 
8. 8|—. 76. 07|—. 78. 07|—. 742+. 08|+. 08/+. 70+. 09 
12. Green manured with 
sweet —. 72+. 08) —. 72+. 08) —. 65. 10)+. 59-b. 11|+. 83. 05 
13. Summer fallowed - 13. 2|—. 74b. 08) —. 06) —. 67. 10 +-. 07|+-. 08 
—. 74. 08) —. 78=b. 07|—. 72. 08\+-. 73. 08|+. 76. 07 
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The greatest single factor in the production of spring 
wheat appears to be the amount of June evaporation, 
as shown in Table 2. The amount of spring rainfall 
has also a very large effect on the yield of spring wheat, 
probably for the same reason that winter wheat needed 
rain soon after seeding in order to insure a good root 
system. The methods which show the greatest relation 
to June evaporation are disking in rotation with corn 
and spring plowing in rotation with corn. Evidently the 
amount of June evaporation has a very decided effect 
upon the yield. When evaporation was above normal 
the yield was materially reduced, as indicated by Figure 
1, B, which shows the relation between June evaporation 
and the yields of spring wheat, averages of all methods 
being used in this case. 

When the June evaporation was below normal, the 
yield was above normal five years out of seven, or 70 
per cent of the time; and when June evaporation was 
normal or above, the yield was below normal seven 
years in eight, or 88 per cent of the time. 

As the method of disking in rotation with corn seemed 
to offer the highest general correlation with the weather, 
a multiple correlation for this crop and the five elements 
was worked out. This gave the extremely high coeffi- 
cient of 0.97+0.01. The regression equation for these 
elements is: 


= —0.3A—0.7B+0.4C +0.7D —0.2E +37 


The values of the yields (bushels per acre) computed 
from this equation are: 


Com- 
Year | puted Actual | Differ- 

| 


These values give an average deviation from the true 
yields of 3 bushels. Using the average yield to estimate 
the crop would not give on the average results closer than 
7 bushels, thus a ih ‘de pe of 4 bushels, or 57 per cent, 1s 
effected by the computation. This is probably as close 
as can be made with the available data. 

Figure 2 shows graphically the computed and actual 
yields. It will be seen from it that the greatest devia- 
tions occur in years of greatest yields. It is very evident 
that there is some variable not included in the data 
which materially affects the yield, although it would not 
affect the value of the correlation coefficient to any 
great extent. ; 

One point of interest in connection with correlations 
of spring wheat shown in Table 2 is suggested. Why 
the December mean temperature of the previous year 
gave a high value for the correlation coefficient is not 
readily apparent, and in order to verify this as much as 
possible a correlation between the December mean tell- 
bags and the yield of spring wheat was made for the 

tate of North Dakota. The value of r obtained’ from 
this was 0.04+0.09, which indicated no relation. For 
northwestern Kansas, using only one station, as the 
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spring-wheat region is fairly limited there, a value of 
—0.40 was obtained. This latter value indicates a 
slight relation between the December mean temperature 
and the spring wheat yields, although there is no relation 
in North Dakota. The results at Akron might, of 
course, be entirely accidental, which seems the logical 
explanation. 
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OATS 


Oats were sown on the average on April 3 and were har- 
vested about the last of July. Table 3 shows the yields 
of oats (bushels per acre) under 18 cropping methods, 
together with the correlation coefficients between the 
respective yields and six weather elements. 


TaBLE 3.—Oat yields and correlations 


Correlations with— 
Methods Yields June to Feb June 
mean — mean June and July J 
perature perature rainfall relative evaporation 
humidity evaporation 

1. Fall plowed in rotation with wheat --.......-...-.-------------------- 19.8 | —0. 580.12 | —0. 660.10 | +0. 650.10 | +0.52+0.13 | —0. 780.07 | —0. 7040.09 

2. Fall plowed in rotation with 21.4 —. 10 —. Ti. 07 +. 09 +. 74. 08 —. 70cb. —. 10 

3. Fall plowed in rotation with barley...-..... woe 22.0 —. 63=b. 10 —. 72+. 08 +. 722. 08 +. 49. 14 —. 72. 08 —. 70. 09 

4, Spring plowed rotation with wheat --...........-.-.---.----..------------------ 22.7 . 58-b. 12 —. 71x. 08 +. 66. 10 +. 76. 07 —. 82-b. 06 —. 74. 08 

5, WIED 22.6 —. 72. 08 —. 77. 07 +. 66. 10 +. 76. 07 —. 79. 06 —. 08 

25. 4 —. 64. 10 —. 81-b. 06 +. 76. 07 +. 662. 10 —. 04 —. 81-b. 06 

20. 7 —. 70. —. 80+. 06 +. 08 +. 13 —. 72. 08 —. 70. 09 

21.2 —. 67. 10 —. 08 +. 73x. 08 +. 72. 08 —. 08 —. 72. 08 

13.7 —. 59. 11 —. 74. 08 +. 06 +. 69-b. 09 —. 84. 05 —. 79. 06 

11.5 —. 39=b. 15 —. 56. 12 +. 91=b. 08 +. 65=b. 10 —. 88-b. 04 —. 83-b. 05 
pens 24.2 —. 62+. 11 —. 72+. 08 +. 79. 06 +. 68. 10 —. 84. 05 —. 832b. 05 
16.4 —. 12 —. 08 +. 76=b. 07 +. 64. 10 —. 04 —. 05 
19.0 —. 62+. 11 +. 81=b. 06 +. 67+. 10 —. 90. 03 —. 852i. 04 
21.7 —. 62. 11 —. 08 +. 06 +. 10 —. 86=b. 04 —. 04 
17, Green manured with sweet 20. 2 —. 10 —. 74. 08 +. 10 +. 78. 07 85xb. 05 —, 7h. 08 
31.8 —. 74. 08 —. 07 +. 08 +. 762t. 07 —. 87. 04 —. 85k. 04 
—. 62. 11 —. 74. 08 +. 08 +. 66-b. 10 —. 82+ —. 77+. 07 
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26 ] 
/ | —— Computed Yield 
22 Actual Yield 
A 
8 
16 | 
6 \ 1 WW \\ 
4 \ \ il 
\ | 
0 


Fie. 2.—Computed and actual yields—spring wheat 9 


The fallowed crop here again showed the greatest 
yields, while those lillowina sod breaking showed the 
poorest,probably due to the fact that sod soil is mostly dry. 

Smith found for oats that when the crop was forming 
heads cool and moderately wet weather favored the best 
yields. As will be seen from Table 3, the highest single 
factor in the growth of oats is the amount of evaporation 
during June and July. The correlation coefficient for 
these two months are much higher than any of the others. 
The other factors in order of importance are June evapo- 
Tation and the June to August temperature. June rain- 
fall has also a large effect on the yield. A significant 
thing is the high value of the evaporation correlations. 

It would seem that without special cultural practices 
to maintain soil moisture the extremely high relative 
évaporation, in relation to the rainfall, would practi- 
cally prevent the growth of a good crop unless some 


fj 
Yield Normal 
vorma 


form of irrigation were carried out to supply the moisture 
that would normally be lost by this means. 

Two multiple correlations were worked for these meth- 
ods, one with oats 9 and the other with oats 10. In 
each case only two variables with the yield were used— 
the amount of June and July evaporation and the June 
rainfall. The values of the multiple coefficients for these 
were 0.88+ 0.04 and 0.954 0.02, respectively. 

For oats 9 (fig. 3, A) the value of the - ol and July 
evaporation gave the best results. a time the 
evaporation was above the normal the yield was below 
normal, but when the evaporation was below normal the 
yield was above normal only 67 per cent of the time. 


Fic. 3, A.—June and July evaporation and _— of oats9. B—May to July rainfall 
and yield of corn 8 


This would seem to indicate that there might be some 
other moderating factor when the evaporation was below 
the average, but that when above average the evapora- 
tion was practically the only cause precluding a yield 
above the average. The June rainfall had somewhat the 
same effect. en it was below the average the yield 
was always below, but when the rainfall was greater than 
the average the yield was greater only 67 per cent of 
the time. The combined effect of these two factors, 


with a coefficient of only 0.88+0.04, was not considered 
sufficiently high to work out the regression equation for 
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the yields, especially in view of the comparative shortness 
of the record. 

With oats 10, however, the effect of the evaporation 
was much more marked—when evaporation was above 
normal, yield was below normal 100 per cent of the time, 
and when evaporation was below the yield was above the 
average 83 per cent of the time. This in itself indicated 
the large effect that the evaporation has on crop yields 
at this place. 

The rainfall combined with the evapo- 
ration gave a correlation coefficient of 0.95+0.02, suf- 
ficiently large to justify computing the regression equa- 
tion: 

X=7A-—3.1B + 50.2 


The results of computing the yield are: 


Com- 
Actual | Differ- 
Year Palas yields | ence 


The reduction in the standard deviation for these 
computations was 69 per cent. The largest difference 
between the computed and actual yields was that for 
1914, and, with this exception, the agreements were 
within 6 bushels. The agreements on the large yields 
are, with the above exception, all very close, indicating 
that years with large yields were more nearly related to 
the weather factors than the others. The computed 
values agree, on the average, within 4 bushels, while the 
value of the standard deviation for the actual yields is 
13.5 bushels. As the deviation of the computed yields 
from the actual is only one-third as great as the standard 
deviation of vield, a considerable improvement is affected. 

There are undoubtedly other factors which would 
bring the correlation closer, but they are probably: so 
numerous that a correlation including them would be 
cumbersome and tedious. 


BARLEY 


Barley was planted at Akron on April 6, on the average, 
and matured about the last of June or the first of July. 
Table 4 shows the yields of barley (bushels per acre) 
under seven cropping methods, together with the cor- 
relation coefficients between the respective yields and 
five weather elements. 


TaBLe 4.—Barley yields and correlations 


Correlations with— 


June /|February June and 
Methods Yields pean to June June a July 
m pera- ative | rainfall evapora- 
ture jhumidity rainfall tion 
1. Fall 18. 0|—. 58. 131-4. 73-4. 66-. 10]-+. 67-2. 10|—. 672. 10 
2. Spring plowed 17. 1|—. 58. O7/+-. 66-b. 10)+-. 78-b. 07|—. 76=b. 07 
3. Spring plowed follow- 
20. 1|—. 11)+. 80-b. 06|+-. 69--. 09)+-. 834+. 05) —. 06 
15. 61st. 11)+-. 06)/4+-. 06)+-. 71. 08 —. 85-b. 05 
5 Listed 18. 6|—. 69--. 09)+-. 79-b. 06/-+..71-b. 08)/+-. 77+. 07|—. 06 
6. Disked following corn...| 20. 8|—. 602. 07|+. 07\+. 754:. 08|—. 05 
7. Summer fallowed......-| 30. 9|—. 69-4. 09)+. 81. 06|+. 65-b. 10+. 72. 08'—. 06 
—. 11|+. 78ae. 07|+-. 71-b. 08)+-. 75-b. — 
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The fallowed crop gave the highest average yield, as 
was the case with the other grains. The yields did not 
vary so greatly from the average as most of the others 
but they were below the average about two-thirds of the 
time. 3 he average yields, however, were higher in 

eneral. 
. The most important factor for barley at Akron is the 
June and July evaporation, with an average value of the 
correlation coefficient of —0.80 +0.06. The Febru 
to June relative humidity plays an important part, wit 
a coefficient of 0.78 +0.07, and the May and June rain- 
fall gave a value of 0.75 +0.08. 

A multiple correlation with barley 3, by using (A) 
June and July evaporation, (B) the February to June 
relative humidity, and (C) the May to June rainfall, 
gave a coefficient of 0.92 +0.02 and the regression equa- 
tion: 

X= —2.7A+0.2B +2.7C+37.8 


The computed and actual yields are given below: 


Com- | 
Actual Dif- 
Year yields ference 
24 20 4 


The greatest deviations from the actual yield occur 
for the years of greatest yields. There is evidently some 
unconsidered factor which would make closer agreement 
for these years. 

CORN 


Corn was planted at Akron about May 17, on the 
average, and probably matured the last of August or the 
first of September. Table 5 shows the yields of corn 
(bushels per acre) for 13 cropping methods, together with 
the correlation coefficients for three weather elements. 


Taste 5.—Corn yields and correlations 


Correlations with— 

June to 

Methods Yields May to | June and | August 

July rain- | July evap-| mead 
fall oration | tempera- 

ture 
1. Fall plowed in rotation with oats---......- 13.6 |+. 74.08 |—. 824:.06 |—. 74. 08 

2. Fall plowed in rotation spring wheat------ 13.3 |-+. 89+. 03 |—. 82+. 06 |—. 80+. 
3. Fall plowed in rotation winter wheat.....| 12.5 |+. 904.03 |—. 82.06 |—. 77+.07 

4. Fall-plowed continuous corn 17.9 |-+. 824.06 |—. 79+. 06 |— 

5. Spring-plowed rotation 13.6 |-+. 03 862.04 |—. 73.08 
6. Spring-plowed rotation barley 15.8 |-+. 80+. 06 83. 05 |— Ta. 

7. Spring-plowed rotation spring wheat_-_--.- 14.5 |+. 88. 04 |—. 814.06 |—. 75 
8. Spring-plowed rotation winter wheat-..-.- 15.5 |+.89+.03 |—. 77.07 |-. 75. 08 
9. Spring-plowed continuous 17.6 |-++. 71. 08 |—. 10 


The results with corn are the most unsatisfactory of all 
the crops grown at this station. As shown in Table 5, 
the first seven or eight methods apparently are more 
affected by the weather than the last five or six. 
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The amount of May to July rainfall seems more im- 

— in this case than evaporation, the values of r 
eing consistently higher than any correlations with 

evaporation. 

If the May to July rainfall is not at least about 9 
inches, or 2.3 inches above the average, the yield of corn 
is not above average. This is shown for corn 8 in Figure 
3, B, where the heavy Horizontal and vertical lines repre- 
sent, respectively, the averages of the corn and rainfall 
data; the broken lines represent the apparent limits of 
the corn yield and rainfall. If the normals were trans- 
posed to the new positions there would be a perfect agree- 
ment between the dots and the normal lines. The corn 

ield would be below normal every time the rainfall was 
Sema and vice versa. The rather close grouping of the 
dots indicates a close relation between this factor and 
the yield, although there is still some spread. 

A Sag, correlation computed for corn 2 and the 
variables, June and July evaporation, May to July rain- 
fall, and June to August mean temperature, gave a corre- 
lation coefficient of 0.92+0.02, and the regression equa- 
tion: 


X = -2A+2B—20+173 


The computed yields gave a standard deviation from 
the actual yields of 4.0, or a reduction in the standard 
deviation of yield of 65 per cent. The values of the 
computed and actual yields are given below: 


Com- 

yields yields ence 
1909 19 22 3 
11 7 4 
5 0 5 
1917. 19 13 6 
7 9 2 
5 6 1 


The standard deviation, 4 bushels, is less than a third 
of the average yield for this method, which shows the 
value of the equation for computing purposes. A 
multiple correlation with corn 3 gave a value of 
0.93+ 0.02; this was so close to the value obtained for 
corn 2 that no regression equation was computed. 

The computed yields give a standard deviation from 
the actual yields of 5.3 bushels, or a reduction of 54 per 
cent from the standard deviation of yields. There are 
some large variations, but on the whole the agreements 
are quite close. 

It is evident from the foregoing that in regions of 
Scanty rainfall the amount of precipitation during the 
critical period of growth is the Abterining factor in the 
growth of corn. 

Corn 8 showed such close relation between the yield 
and the May to July rainfall, as shown in Figure 3, B, 
that a regression equation for these two variables was 
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computed, as follows: y=—16.9+4.3r. The values of 
the computed yields from this equation were as follows: 


Year uted Actual | Differ- . 


Fields | Yields | ence 


POU 


SUMMARY 


The general climatic features of this region make the 
amount of seasonal or annual precipitation the limiting 
factor for successful crop production. Regions of less 
variability of , precipitation generally produce larger 
crops and also ‘hhave smaller variations in the yields. 

In regions of generally adequate summer precipitation, 
Ohio, for example, winter wheat averages 18 bushels to 
the acre, while at Akron the average is only 12.8. Spring 
wheat averages 15.6 bushels per acre in Ohio, but only 
10.3 at Akron. Oats in Ohio average 37.8 bushels per 
acre; at Akron, only 22.4. Barley was 28.4 bushels in 
Ohio and only 20.3 at Akron. Corn shows plainly the 
difference in results where generally adequate moisture 

revails and where it is only barely sufficient at best. 

n Ohio it averages 38.9 bushels; at Akron, 14.6. These 
averages for Ohio, it must be remembered, are for the 
whole State, while at Akron they are for a limited area 
and produced under the very best cultural methods 
known to science and under constant and direct supervi- 
sion of highly trained agriculturists. From these few 
data it will be seen that the moisture, while it is evidently 
of major importance at Akron, is probably not the most 
critical factor in more humid regions. 

This study indicates that growing dry-land crops under 
conditions such as exist at Akron is decidedly precarious— 
and this holds for large areas of the drier sections of the 
United States. Of the five crops considered in this paper 
winter wheat alone showed an even chance of giving an 
average yield; it varied above normal eight times and 
below seven. Spring wheat and corn averaged above 
normal 40 per cent of the time, while oats and barley 
averaged above normal only 33 per cent of the time. 
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A NOTE ON MR. MITCHELL’S PAPER ON WEST INDIAN HURRICANES 


By Dr. Stanistavy 
{Bohemian Charles University, Prague] 


Concerning the disturbances originating at the begin- 
ning and particularly at the end of the hurricane season 
over the western Caribbean Sea and Gulf of Mexico, Mr. 
Mitchell makes the statement that a large percentage of 
them reach high latitudes before dissipating. Are they 
not, to use Mr. Bjerknes’s expression, or of 
the cyclone family? 

Mr. Mitchell, as his paper shows, collected a great 
amount of material that he used for charting the tracks 
of tropical cyclones and he could probably ascertain for 
each cyclonic track the approximate date of the start of 
the cyclonic whirl. Such data would be of value. The 
study of Weather Bureau charts for the United States for 
days previous to that date would show whether the 
“starter”? does not enter into the Tropics from outside, 
from the Temperate Belt, for instance, as a strong cold 
wave proceeding farther south as a norther. (The 
statistics of cold waves in the United States are known 
from the late Mr. Garriott’s paper.) Thé occurrence of 
northers in the locality, just before the appearance of 
hurricanes there-would show the West Caribbean and 
_ Gulf hurricanes to be the last members of the cyclone 
family that is developing along the proceeding front of 
this polar air. These hurricanes, shifting to the higher 
latitudes, arrive, then, on the western European coast, 
say, as B or C cyclones. 

hough suggesting this correlation of cold waves and 
northers with Caribbean and Gulf hurricanes, I will 
however, not claim that the starter of each tro ical 
cyclone must come from outside of the Tropics. It is 
well known that tropical cyclones are comparatively rare 
phenomena, certainly much rarer than the polar air 
entering the Tropics, as the scheme of general circulation 
according to Mr. Bjerknes shows. 


_DISCUSSION 


The suggestion of Doctor Hanzlik that tropical cyclones 
originating in the western Caribbean and the Gulf of 
Mexico may be the last members, E or F, of a cyclone 
family that is developing along the polar front, is doubt- 
less a natural one to make by one familiar with the devel- 
opment and movement of cyclones in groups or families 
as in Europe. In North America, as pointed out by 
Henry (Mo. Wea. Rev., 50:473), cyclones do not de- 
velop and move in families, and moreover, in the months 
of June to September there is little or no evidence of the 
movement of surface air from polar regions; in other 
words, polar air in those months is practically non- 
existent so far as the Gulf of Mexico and the Caribbean 
are concerned. For this reason, and on account of the 
rarity of cyclonic development in this egpon, in July and 
August, the cyclones of these two months are not con- 
sidered in the tabulation which will be presented below. 

Tho sweep of polar air southward over the Gulf of 
Mexico does not begin until late October and is not 

ronounced until still later in the cold season. However, 

have made an examination of the daily weather charts 
for the three days preceding and the three days following 
the origin of West Indian hurricanes. The criterion 
adopted to show the arrival’of polar air in these regions 
was the advance of an area of high pressure and cooler 
air southward over the Plains States and Texas, accom- 
nee by a norther over the western Gulf of Mexico. 

xperience has shown that fresh northerly winds on the 
Texas coast with a pressure distribution of that char- 


acter means strong northerly winds farther south, espe- 
cially in the Tampico and Vera Cruz regions of Mexico. 


Relation of tropical cyclones to northers in the western Caribbean Sea 
and Gulf of Mexico 


Cyclones preceded by northers over western Gulf of Mexico one 
to three days previous to development of cyclonic whirl: 
Oct. 8, 1888 (1 day before). Oct. 9, 1906 (3 days before). 
Oct. 6, 1891 (1 day before). Oct. 25, 1908 (2 days before). 
Oct. 2, 1895 (1 day before). Oct. 2, 1912 (2 days before). 
Oct. 13, 1895 (1 day before). : Oct. 22, 1923 (2 days before). 
Oct. 9, 1900 (1 day before). Nov. 11, 1916 (2 days before). 
Oct. 7, 1902 (3 days before). Total, 11. 


Cyclones followed by northers same day to two days after de- 
velopment: 
Oct. 9, 1887 (2 days later.) 
Oct. 5, 1889 (1 day later). 
Oct. 21, 1892 (2 days later). 
Oct. 7, 1896 (same day). Nov. 11, 1904 (same day). 
Oct. 11, 1912 (1 day later). Total, 9. 


Cyclones neither preceded nor followed by northers (within two 
or three days): 


Oct. 27, 1913 (same day). 
Oct. 10, 1916 (same day). 
Nov. 5, 1893 (same day). 


June 10, 1889. Sept. 28, 1895. Oct. 3, 1905. 
June 15, 1889. Sept. 11, 1912. Oct. 17, 1908. 
June 12, 1895. Sept. 1, 1915. Oct. 6, 1909. 
June 10, 1901. Sept. 19, 1920. Oct. 11, 1910. 
June 11, 1902. Sept. 27, 1920. Oct. 24, 1914. 
June 19, 1902. Sept. 6, 1921. Oct. 21, 1921. 
June 7, 1906. Oct. 7, 1886. Oct. 12, 1922. 
June 12, 1906. Oct. 29, 1887. Oct. 14, 1922. 
June 25, 1909. Oct. 20, 1893. Oct. 13, 1923. 
June 26, 1909. Oct. 1, 1894. Nov. 6, 1906. 
June 7, 1912. Oct. 2, 1899. Nov. 8, 1909. 
June 22, 1913. Oct. 26, 1899. Nov. 22, 1909. 
June 15, 1921. Oct. 10, 1904. Nov. 11, 1912. 
June 13, 1922. | Oct. 29, 1904. Total, 41. 


Inasmuch as none of the June or September cyclones 
was either preceded or followed by a norther over the 
western Gulf of Mexico, the advent of polar air in the 
Tropics can not be regarded as even a contributing 
cause of the storms of those months. Moreover, only 
10 of the 34 October and 1 of the 7 November cyclones 
were preceded by northers, so that the advent of polar 
air could have been a factor in the development of only 
11 of the 61 tropical cyclones considered. 

On pages 16-17 of, SuppLeEMENT No. 24, 
Weartuer Review, is a discussion of the two principal 
ogee where tropical cyclones develop in the North 
Atlantic Ocean. On page 17 it is stated: 

Over the western third of the Caribbean Sea, especially in 
the region a short distance north of the Isthmus of Panama, & 
belt of doldrums appears at times, especially at the beginning and 
near the end of the hurricane season. This, quite likely, is the 
extreme eastern end of the Pacific belt of doldrums, which is 
usually just south of the Isthmus of Panama, * * * and 
which has shifted northward beyond latitude 10° N. Thus condi- 
tions in the western Caribbean Sea at these times become as 
favorable for the development of a cyclonic disturbance as they 
are in the region south of the Cape Verde Islands in the months of 
August and September. 


The favorable conditions referred to are high tempera- 
ture, high humidity, and a doldrum condition of light, 
variable winds, and these conditions must exist far 
enough north of the Equator so that in addition to the 
northeast trades north of the doldrums there shall be 
south of them the southeast trades which have cross 
the Equator and become southwest winds due to the 
deflective effect of the earth’s rotation. These, to me, 
seem the ideal conditions for the development of unstable, 
squally weather and the initiation of a cyclonic whirl in 
the lower atmosphere.—C. L. Mitchell. 
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COMPENSATION OF ALTIMETERS AND ALTIGRAPHS FOR AIR TEMPERATURE 
By W. G. BromBacHER 
[Bureau of Standards, Washington, D. C.] 
(Abstract of paper presented to American Meteorological Society, Washington, D. C., May 1, 1926) 


The altitudes of aireraft are usually determined by an 
altimeter, which is an aneroid barometer calibrated to an 
altitude-pressure relation containing an arbitrary alti- 
tude-temperature assumption. If the correction due to 
the variation of the temperature from that of the alti- 
tude-temperature assumption is required, additional 
observations are needed, namely, free-air temperatures 


‘from the ground level to the altitude. For the accuracy 


required in aeronautics, altitudes should be determined 
by both pressure and temperature measurements. It is 
difficult to take account of the mean temperature term 
of the barometric formula mechanically in an instrument. 
The following new relation based on the summer, winter, 
and yearly averages of observations of upper-air tempera- 
tures at latitude 40° in the United States is presented as 
a substitute. Up to 30,000 feet it is found that for a 
given altitude free-air pressures plotted against free-air 
temperatures give straight lines. This relation is based 
on standard sea-level pressure. Mathematically, 


(1) 


where P is the pressure and 7' the absolute temperature 
at the altitude h, and A, is a constant for any one alti- 
tude. In order to have a simple compensating mechan- 
ism, the amount of compensation in pressure units per 
degree change in air temperature per unit change in air 
pressure should be constant. This desirable relation 
may be stated in symbols, 


dP 
(P.—P) (2) 


where P,=760 millimeters of mercury and & is a con- 
stant. 


The values found for A, and K are given below. 


g per °C. 
per °C. | mm. 

pressure 
Feet 
4, 000 0. 375 0. 0036 
8, 000 . 750 - 0038 
12, 000 1. 04 . 0038 
16, 000 1.15 - 0033 
20, 000 1.20 . 0029 
24, 000 1. 20 - 0026 
30, 000 1.20 - 0023 


It will be seen that the value of K varies with altitude. 
The adoption of a value of 0.0029 for K gives rise to 
maximum deviations varying from 0 to 3.5 per cent of 
the altitude, while the compensation given by this value 
of K under the same conditions amounts to about 9 per 
cent. 

In order to test this method of compensation further 
the values were compared with values of free air pressure 
determined by 15 observed altitude-temperatures curves 
which contained marked ‘temperature inversions.’ 
These curves were obtained from the aerological division 
of the United States Weather Bureau. The compensa- 
tion given in the table compared with that required for 
these abnormal distributions of temperature was com- 
plete on the average within 10 to 20 per cent. 

The multiplication of the mechanism of an altimeter 
or altigraph may. be modified by the insertion of a tem- 
perature element or manually operated device so as to 
compensate according to the values of K given in the 
table, or more simply, to the average value of K. An 
instrument so compensated is said to be compensated 
for air temperature. If a manually opera device 
modifies the multiplication according to average values 
of K corresponding to free-air temperature and if the 
temperature dial is graduated in terms of ground level 
temperatures, the instrument is said to be compensated 
for ground temperature. The essential difference in the 
two types of compensation lies in the fact that in the 
first the compensation depends on free-air temperature, 
while in the second on air femperature at the ground level. 

The Bureau of Standards has under construction an 
altigraph compensated for air temperature and an alti- 
meter compensated for ground temperature. 


NOTES, ABSTRACTS, AND REVIEWS 


TRANSMISSION OF METEOROLOGICAL CHARTS BY 
RADIO IN EUROPE 


The broadcasting station at Munich will henceforth 
transmit meteorological charts by radio every week-day 
Morning about 9 a. m. and on Sundays and holidays at 
12.15, using the Dieckmann telephotographic system. 

_According to the Manchester Guardian, the Munich 

tributing station receives for this purpose from the 
Central Meteorological Office of Bavaria a chart made 
with a special nonconducting ink and traced complete on 
‘conducting sheet of metal. 


The chart is rolled upon a drum turned by a clockwork 
mechanism, and on this drum rests a very fine transmit- 
ting stylus, which is moved along parallel with the axis 
of the drum. Thus the stylus describes upon the chart 
a spiral of very closely spaced lines. 

ccording as the stylus is in contact with a — 
or & nonconducting part, a circuit is opened or closed an 
the currents are sent by wire to the Munich station, 
which in turn transmits them by radio. At the receiving 
stations a special chemical paper is used. Each trans- 
mission lasts about five minutes.—La Nature, July 17, 
1926. Translation B. M. V. 
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By W. PeprLer 


at a standst 


ay of the lower strata. 


partially comparable. 


(5) A more accurate survey of the aerological condi- 
tions of the air strata up to about 1,000 meters is also 
necessary. In the present method of conducting captive- 
balloon ascents detailed registration is lost for the most 
part. A knowledge of the turbulence as well as of the 
structure of the strata near the surface can also be 


acquired. 


(6) Special results are expected from the systematic 
coordination of radiation measurements with aerology. 
Radiation apparatus has not yet been successfully 
devised that will permit aerological technique to be placed 
in direct service for radiation investigation. 

(7) Investigation of the influence of turbidity particles 
by the customary methods is already possible through 


the Wigand visibility measure. 


(8) Measurements of incoming and outgoing radiation 


should be made. 


(9) The airplane offers a new and very important 
factor for the future of aerology, as, on account of its 
mobility, it is superior in many respects to the old 
methods, especially for the study of optics, atmospheric 


electricity, turbulence, radiation, 


efficient airplane meteorograph has been devised. 
(10) Old and new methods should be combined and 


considered together. 


(11) We are still far removed from the ideal observa- 
tory, and only a small portion of the apparent problems 
can now be attacked. Present observatories are not 
well located, and they are too much occupied with 
gman problems. e have aerological observatories 

no research aerological institutes. 
form the fundamental basis, and it must not be strangled 
by the practical work. The idea that scientific progress 
is developed from practical work is incorrect. 
of meteorology and weather forecasting leads only over 


free scientific research. 


A LIGHTNING STROKE FAR FROM THE THUNDER- 


STORM CLOUD 


Mr. J. H. Armington sends us from Indianapolis the 
report printed below, which was sent to him by Prof. Z. A. 
McCaughan, of Bloomington, Ind. The stroke occurred 
about 1 p. m. on July 23, 1926, in Monroe County; it 


it killed two children. 


I drove to the place referred to and made personal inquiry of 
people who were within 100 yards of the place. 
shining, the nearest cloud seemed to the witnesses 2)4 or 3 miles 
north (toward Clear Creek and Bloomington). 


no thunder previous to this stroke and heard only two or three of 
distant thunder afterward. Their sky stayed clear for two hours 
afterwards. At the time of this stroke we were having frequent 


THE FUTURE OF AEROLOGY 


[Abstract by H. C. Frankenfield from ‘Das Wetter,” Heft 3, March, 1926] 


(1) Acrology during the last 10 years has virtually been 


(2) Aerological accomplishments of the last 20 years 
made possible the development of the Bjerknes theories, 
and their further progress depends entirely upon aerology. 

(3) Especially necessary for the future of aerology is an 
intensive investigation of the upper half of the tropo- 
sphere and the lower portion of the stratosphere. 
is known of the alto-cumulus and the cirrus. 
of the strata above 4 k. m. is more important than that 


Knowledge 


Se (4) The first step should be a complete reorganization 
mag of observational methods. Earlier observations are only 


Research must 


They had heard 
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strokes of lightning and thunder here at Bloomington and we had 
0.23 inch of rain. Three miles southeast of Bloomington there 
was a small tornado that broke limbs of trees and carried away 
anything small that was loose. The lightning was severe. Wit- 
nesses near where the children were killed say the —* traveled 
horizontally from north to south. It passed three buildings, 
missing them by about 100 feet, and struck this little house just 
above the top of the corner foundation post. 


The striking of lightning, through clear sky, at points 
somewhat distant from the region immediately beneath 
the storm cloud, while relatively rare, vccurs probably 
more frequently than is realized. 

During a three-year residence in east-central Florida I 
observed the phenomenon at least three times. The 
typical local thunderstorm cloud of the Florida summer 
grows with great rapidity, and is usually an entity quite 
lconaiahek with storms of the same kind that may be 
developing elsewhere within the observer’s field of view. 
Opportunities for watching the lightning strokes from 
individual clouds are therefore excellent. . 

It is my recollection that the distance along the ground 
between a vertical rig 9s from the edge of the cloud 
and the striking point of the bolt was of the order of the 
height of the cloud base above ground. How foreshorten- 
ing affected this estimate is of course impossible to say. 
But it is probably true that the distances were never of 
the order of 2 to 3 miles, as in the extraordinary case 
described by Professor McCaughan. In one instance 
(and I think this was true of all these far flung bolts) the 
spark seemed to leave the cloud from a point at least 
halfway up from cloud base to summit, and in this one 
instance which I recall especially vividly it was about 
three quarters of the way.—B. i. 


LITERATURE ON THE NORMAL DENSITIES OF GASES 


Scientific Paper of the Bureau of Standards, No. 529, 
bears the title ‘‘A Review of the Literature Relating to 
the Normal Densities of Gases,’ and was prepared by 
M. S. Blanchard and S. F. Pickering. The authors state 
in their abstract that— 


* * * the attempt is made to choose the most reliable value for 
each gas. The number of sources of the gas in question, the 
methods used for its purification, the precautions observed in making 
the experimental measurements, the number of observations made, 
the agreement between observations of a set and the concordance 
between the results of the different observers have all been care- 
fully considered in the selection of the final value. While many of 
the early determinations of historical interest have been included 
in general, only those which should be considered in selecting the 
final value have been critically reviewed. . 


THE SUMMER OF 1926 IN THE UNITED STATES 


Summer is usually considered to cover the three months 
from June to August, inclusive. The records for these 
months of 1926 show about the usual run of variations 1n 
weather, with alternately warm and cool and rainy and 
dry in different sections and during different times in the 
season. For the summer, as a whole, the temperature 
was remarkably uniform, and was slightly above normal 
over much the greater portion of the country. The 
seasonal average was 1° to 3° below normal in most sec- 
tions from the Ohio Valley and Middle Atlantic States 
northward, and 1° below at about half the stations in the 
Gulf area. In all other sections the temperature averages 
from normal to as much as 6° above, the greatest plus 
departures being in the more western States. 

ainfall was deficient in most of the Northeast, the 
south Atlantic area, in nearly all of the Great Plains and 
North Central States, and also in most places in the far 
Southwest. Elsewhere the amounts were above normal. 
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For the country, as a whole, about 40 per cent of the sta- 
tions had more than normal rainfall and the others less 
than normal.—Reprint from Weather and Crop Bulletin, 
September 7. 


FIFTH SUCCESSIVE FAVORABLE MONSOON PROBABLE 
IN INDIA 


For the fifth successive year reports from India indicate 
that the monsoon, or rainy season, will be favorable. 
A cable received on August 23 from Trade Commissioner 
C. B. Spofford, Calcutta, states that to date rainfall was 
slightly above normal on the northwest frontier, and in 
Rajputana, central India, the Central Provinces, Hyder- 
ar and Madras; and normal throughout all other 
regions. It is still blowing ripaleg 6 and the Indian 
Government forecast for August and September indicates 
normal rainfall in northwest India and normal or excess 
on the peninsula.—Reprint from Commerce Reports, Sep- 
tember 6, 1926, No. 36. 


METEOROLOGICAL SUMMARY FOR SOUTHERN SOUTH 
AMERICA, JULY, 1926 


By Sefior J. B. NAvaRRETE, DIRECTOR 
[El Salto Observatory, Santiago, Chile] 


The first half of July was much the more rainy, in 
contrast to the second half, which was relatively dry. 

The month opened with an important anticyclonic 
center off the central zone, with a maximum pressure of 
768 mm. at the Island of Juan Fernandez. 

Between the 3d and the 6th a large depression crossed 
the far southern region and showed its influence through- 
out the country in general bad weather, heavy winds and 
rains. ‘The maximum precipitation in a day was observed 
on the 6th at San Fernando, 81 mm. Increases in river 
stages and floods were general. 

rom the 7th to the 9th the bad weather abated 
temporarily, while the pressure rose and continued 
variable, with low temperatures. 

Between the 10th and 13th another great depression 
affected the country, causing general bad weather, violent 
winds, and rains as far as Coquimbo, where on the 11th 
there was observed a 24-hour rainfall of 44 mm. Hea 
as this was, the maximum rainfall occurred on the 13t 
at San Fernando, 79 mm. in 24 hours. Again there was 
a general rise of rivers and occurrence of floods. , 

On the 14th and 15th the bad weather moderated, 
upon the establishment of anticyclonic control over the 
country. On the 16th and 17th there were scattered and 
light rains as far north as Valdivia. 

_ Between the 19th and 21st a fairly important depres- 
sion influenced the country; the change of weather began 
with heavy mists in the central zone, and ended on the 
21st with a rain from Valparaiso to Valdivia. Maximum 
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recipitation was registered at Arauco, 23 mm. in 24 
stom The weather then continued variable; fine 
weather occurred again on the 22d; on the 23d a new 
depression crossed the southern zone, and on the early 
morning of the 24th there were violent squalls of rain 
and snow in the central zone as far north as Santiago. 
On the 25th general fine weather was reestablished, anti- 
cyclonic control dominating the whole country. 

Between the 26th and 28th a depression crossed the 
far south, causing dense mists and light rains in the 
southern zone, which extended into the central zone as 
far as Santiago. ; 

On the 29th and 30th the weather was again fine, but 
on the 31st a large depression began to influence the 
southern part of the country, breaking with a violent 
storm of wind and rain between Arauco and Chiloe. 

To summarize, the month of July showed a much 
more boisterous first half, a second half of more stable 
character; but in the last days of the month a new period 
oe was threatening in the south.—Transl. 


METEOROLOGICAL SUMMARY FOR BRAZIL, JULY, 
1926 


By Francisco Souza, Acting Director 
[Directoria de Meteorologia, Rio de Janeiro} 


During July the circulation in the lower strata of the 
atmosphere was rather active; six anticyclones entered 
the southern part of the continent, most of them ve 
extensive; the continental depression and those of high 
latitudes showed unusual activity during the period. 
Practically all the paths of the anticyclones were normal. 
Frosts continued to be observed in the southern part of 
the country. 

Rainfall was in general scant, except in parts of the 
central and southern region, where the values averaged 
above normal. 

The blooming and growth of cane and tobacco were 
hindered by frosts and lack of rain. In the State of 
Bahia and in the northern part of the country atmospheric 
conditions were favorable to cacao and cotton. Wheat 
made good growth. The harvests of cotton and coffee 
in the central and southern part of the country are not 
giving good yields, and those of cane in the northern 
part are not promising. 

Weather conditions in Rio de Janeiro were in general 
good, with much cloudiness. In temperature the days 
were relatively warm, and they were dry; but the nights 
were fresh and sometimes cold. Rainfall during the 
month was pitifully small. During a period of 75 years, 
or since 1851, there have been seven years in which the 
month of July showed rainfall similar to or at times lower 
than this— Transl. W. W. R. and B. M. V. 
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16 p. figs. 29 cm. 
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Wigand, A. 
Die Messung der Sicht mit dem Sichtmesser. p. 411-416. 
illus. 27 ecm. (Sonderab.: Zeitschr. f. Instrumentenk. 45. 


Jahrg. H. 9, 1925.) 
Zistler, Peregrin. 
Die Temperaturverhiltnisse der Tirkei. Der Scirocco. 
Leipzig. 1926. 181 p. figs. plates. 233 cm. (Zum 
Klima der Tiirkei. H. 2.) 


RECENT PAPERS BEARING ON METEOROLOGY — 


The following titles have been selected from the con- 
tents of the ttn ne and serials recently received in 
the library of the Weather Bureau. The titles selected 
are of papers and other communications bearing on 
meteorology and cognate branches of science. This is 
not a complete index of all the journals from which it 
has been compiled. It shows only the articles that 
appear to the compiler likely to be of particular interest 
in connection with the work of the Weather Bureau. 


Annalen der Hydrographie und maritimen Meteorologie. Berlin. 
54. Jahrgang. uni 1926. 
Benkendorff, Rudolf. Drahtlose Ubertragung der Wetter- 
karte nach dem System Karolus—Telefunken. p. 246. 
Benkendorff, Rudolf. ber eine einheitliche Organisation des 
drahtlosen Wettermeldedienstes vom Nordatlantischen 
Ozean. p. 236-238. 
France. Académie des sciences. t. 183, 
12 juillet 1926. 
Baldit, Albert. Sur les périodes de constance de la tempéra- 
ture dans une station de moyenne altitude. p. 139-141. 


Franklin institute. Journal. Philadelphia. v. 202. August, 1926. 
Humphreys, W. J. Note on ribbon lightning. p. 205-206. 


Idéjéraés. Budapest. v.30. Mércius-dprilis 1926. 
Hille, Alfréd. Hevenessy Gabor meteorologidja. p. 37-39. 
Fraunhoffer, Lajos. Rendkiviili hémérsékleti anomalidk az 
idei mdrciusban Budapesten. p. 36-37.- 
Az aerologiai jutatdésok jelentéségérél. p. 


Journal of geophysics and meteorology. Moscow. v. 8. no. 1-2. 
1926. 


Izvekov, B. I. Works of A. A. Friedmann in the domain of 
geophysics. p. 5-18. [Russian with English title.] 

Kalitin, N. N. Relating to the study of spectral skylight 
polarization. p. 61-78. [Russian with English abstract.] 

Moltcharov, P. A. The height of clouds in different points of 
U.8.8. R. p. 93-98. [Russian with English abstract.] 

Tikhomirova, V.N. The aspiratory electric thermometer with 
thermopiles for measuring air temperatures in layers adja- 
cent to the earth’s surface. p. 79-84. [Russian with 
English abstract.] 


Comptes rendus. Paris. 


Tolsky, A. P. Uber die Vergleichbarkeit der Niederschl 
ee p. 43-60. [Russian with German a 
stract. 


Troubiatchinsky, N. N. The secular variation of geomag- 
netic elements in Turkestan and the Transcaueasian region 
within the epoch 1906-09-24. p. 85-91. [Russian with 
English abstract.] 

Wassiljew, K. N. Uber die Anwendbarkeit der Kontinui- 
taitsgleichungen zur Bestimmung der vertikalen Strémungen 
in der freien Atmosphire. p. 99-107. [Russian with 
German abstract.] 

Weinberg, B. P. Application of the theory of surfaces to 
the problems of finding isopoints and of tracing isolines. 
p. 19-42. [Russian with English abstract.] 


Nature. London. v. 118. 1926. 
Brooks, C. E. P. Climatic changes during geological times. 


p. 15-17. (July 3.) p. 53-55. (July 10.) 
Malzev, V. Luminous night clouds. p. 14. (July 3.) 
Giao, Antonio. Cirrus at a lower level than alto-cumulus. 
p. 49. (July 10.) 
Simpson, G. C. Ice domes and the atmosphere. p. 111-112. 
(July 24.) [Criticism of work by W. H. Hobbs, 
Naturwissenschaften. Berlin. 14. Jahrgang. 2. Juli 1926. 


Stérmer, Carl. Nordlichtphotographien vom siidlichen Nor- 
wegen zur Bestimmung der Héhe und Lage des Nord- 
lichtes. p. 631-634. 
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Russia. Central Bureau for hydrometeorology. Nachrichten. Len- Rubinstein, Eugenie. Zur Methodik der klimatologischen 
ingrad. -6. 1926. Bearbeitung der Windbeobachtungen. p. 269-289. [Ab- 
Kaminsky, A. Weitere Bemerkungen iiber den Quadranten stract.] 
der gréssten Hiaufigkeit des Windes. Zur Abhanglung Wiese, W. Beitrag zur Kenntnis der Bewegungen des Lises 
von Eugenie Rubinstein. p. 296-300. [Abstract.] im Weissen Meer. p. 132-134. [Abstract.] 
Kaminsky, A. Zur Frage iiber den Einfluss des Niederschlags Science. New York. v.64. 1926. 
auf die. Niveauschwankungen des Kaspischen Meeres. p. ‘*Silver nights’? in Scandinavia. suppl. p. xii. (July 23.) 
245-246. [Abstract.] [Noctilucent clouds predicted.] 
Rubinstein, Eugenie. In welcher Entfernung von der Ufer- Forbes, Stephen A. Aerial music in Yellowstone Park. p. 
linie an der Meereskiiste sollen meteorologische Beobach- 112-120. (July 30.) 


tungen angestellt werden? p. 108-112. [Abstract.] 


SOLAR OBSERVATIONS 


SOLAR AND SKY RADIATION MEASUREMENTS DURING  Tasiz 1.—Solar radiation intensities during August, 1926—Con. 
AUGUST, 1926 MADISON, WIS. 


By Hersert H. Kimsatt, Solar Radiation Investigations 
Sun’s zenith distance 

For a description of instruments and exposures and an 7 g 
account of the method of obtaining an reducing the 8 a.m.| 78.7° | 75.7° | 70.7° cor | 0.0° cag | 702° 75.7° | 78.7° | Neon 
measurements, the reader is referred to the Review for 
January, 1924, 52 : 42, January, 1925, 53 : 29, and July, Date 76th Air mass Looal 
1925, 53 : 318. solar 

From Table 1 it is seen that solar radiation intensities A. M. P.M, tine 
averaged slightly below the normal for August at Madi- : 
son, Wis., and close to normal at Washington, D. C., and | 
Lincoln, Nebr. 

Table 2 shows a pronounced deficiency in the amount of head ob edb 
radiation received on a horizontal surface from the sun 12. 24) 
and sky at Washington and Madison and a slight excess ie wrclecacedacset Uae 

at Washington give a mean of 54 per cent, with a maxj- Or RN REN GRE 
mum of 58 per cent on the 26th. Measurements made | nod 
on six days at Madison give a mean of 55 cent, with @ 04-0. 06-0. 08) 
maximum of 64 per cent on the 14th. These are below 
the corresponding average values for August at both 
stations. 

0.76} 0. 65)...... 
TaBLE 1.—Solar radiation intensities during August, 1926 1 “01 "0. 58) 0. 49) 15. 
[Gram-calories per minute per square centimeter of normal surface] 
WASHINGTON, D. C. 0.87} 0.65} 0.63 8 
0.87; 0.72) 0.59) 8.18 
Sun’s zenith distance 0.97; 0.84) 0.72) 9.47 
a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 0.86, 0.74, 0.65)... 
—0, 03|—0. 01}—0. 04)... 
Date 75th Air mass Local 
mer. — TaBLE 2.—Solar and sky radiation received on a horizonial surface 
time A.M. P.M time {Gram-calories per square centimeter of horizontal surface] 
e. | 50 | 4.0 | 3.0 | 20 | 1.0] 20 | 30 | 40 | 50] Average daily radiation 
cab, | eek. | cat. | cal. | cat. | cal. | col. | cal 
he Wash-} Madi-| Lin- | Chi- | New || Wash-| Madi-| Lin- 
ington | “son | coin | cago | York ington | “som | coin 
Means... 53) (0. 67)|(0.81)| 0.93} 1.26) 1.01) 
Excess or deficiency since first of year on Sept. 2..--_......_. —2, 072 |+1, 883 +637 
*Extrapolated. 
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WEATHER OF NORTH AMERICA AND ADJACENT OCEANS 


NORTH ATLANTIC OCEAN 
By F. G. 


There was a noticeable increase in atmospheric activity 
over the North Atlantic in August as compared to July. 
Whereas in July the number of gales reported was smaller 
than normal for that month the number in August was 
markedly larger. While some of them were occasioned 
by the two disturbances of tropical origin, a considerable 
number was due to developments in the higher latitudes. 
The depression of the 16th to 19th in the northeastern 
Atlantic gave rise to widespread gales, the weather maps 
resembling those of the mid-winter season as regards the 
number and distribution of gales reported. . The strength 
of the gales was less, however, ranging generally from 
force 7 to 9. 

The general distribution of pressure throughout the 
North Atlantic for August is shown in an accompanying 
table. The departures from normal are moderate in 
amount and give no indication of the activity in air move- 
ment reported by vessels. 


TABLE 1.— Averages, departures, and extremes o pressure 
a sea level 8 a. m. (75th meridian time), North Atlantic Ocean, 
August, 1926 


Average | Depar- 
Station pressure | ture! Highest | Date Lowest Date 
Inches Inch Inches Inches 
Julianehaab, Greenland.| 229.65 @) 30.00 | 10th__..- 29.30 | 6th 
St. Johns, Newfound- 

29. 90 —0. 09 30, 22 | 23d...... 29. 56 | 21st. 
Nantucket. -..........- 30. 01 +0. 01 30. 36 | 2ist 4. 29. 76 | 8th. 
30. 02 —0. 02 30.16 | llth 29.88 | 6th. 
30. 02 +0. 04 30.08 | 31st. - 29. 94 Do. 
Swan Island_........... 29. 87 —0. 04 29.92 | 8th 4. 29. 80 | 2ist. 
New Orleans----....-.- 30. 00 +0. 03 30.12 | 4th 4 29. 60 | 26th. 
yy 8 ae 30. 06 +0. 06 30.14 | 18th 4___ 29.96 | 5th. 
30. 14 +0. 05 30.30 | 14th_.__. 29. 66 | 6th. 
Horta, Azores §___..... 30. 21 +0. 01 30. 44 | 6th_..... 29.96 | 26th. 
Lerwick, Shetland 

29. 85 +0. 05 90,33 | $d......- 28.93 | 2ist 
Valencia, Ireland __.___- 30. 05 +0. 13 30. 43 | 2d_...... 29. 60 | 20th. 
30. 08 +0. 10 30. 38 | 29.75 | 21st. 


1 From normals shown on H. O. Pilot Chart, based on observations at Greenwich 
mean noon, or 7 a. m., 75th meridian. 

2 Mean of 27 days. 

é New station; no normal established. 

4 And on other dates. 

5 Observations made at 7 a. m. 


The amount and distribution of fog conformed closely 
to the normal for August. : 

The month opened with generally quiet conditions 
over the northern part of the ocean, though vessels 
northwest of fdland reported moderate to fresh gales, 
occasioned by a depression then approaching Iceland. 
In southern waters, however, a tropical disturbance was 
moving westward in mid-ocean. On the Ist the Dutch 
steamship Bellatriz, bound from Norfolk to Buenos Aires, 
and at Greenwich mean noon of that day, in 23° 34’ N., 
59° 01’ W., came within the influence of this disturbance. 
In the course of the day storm winds were experienced, 
the center passing north and east of the vessel at 3:50 
p. m. with the barometer recording 29.39 inches. The 
report from the Bellatriz is the earliest to show the existence 
of the disturbance. This hurricane passed near Bermuda 
on the 6th and was in the vicinity of Newfoundland on 


*the 8th. It is reported to have caused a number of 


casualties in the fishing fleets on the Grand Banks on 
the 7th and 8th. It is impossible to trace the further 
course of the storm with certainty, but it apbeers to 
have ultimately reached the eastern part of the ocean, 
though possibly in combination with some extratropical 
depression. 


As the path of this hurricane crossed the trans-Atlantic 
steamer lanes a large number of vessels came under its 
influence. The masters of some of these vessels, appre- 
ciating the situation, exchanged weather reports by 
radio, using the information thus obtained to avoid the 
storm center. An indication of the amount of data 
available under such circumstances is afforded by a 


_ chart reaching the Weather Bureau from Capt. H. E. 


Maber, master of the British steamship Emlynian. On 
the 7th Captain Maber obtained reports from no less 
than 14 vessels within the area between 39° and 43° 
N., 59° and 66° W. From these reports he was able to 
plot the path of the approaching storm with a good 
degree of accuracy. 


A detailed account of this hurricane appears elsewhere 
in the Rrevirew. 


As it pursued its course eastward across the ocean it 
was closely followed by a depression that developed near 
Newfoundland on the 12th. This latter, upon reaching 
the eastern North Atlantic developed into a vigorous 
storm, causing gales over an extensive area and involving 
many vessels, especially on the 17th to 19th. Repre- 
séntative reports on this storm will be found in the 
accompanying table of gales. In turn, this storm left a 
fresh depression forming in its wake, central on the 21st 
in 43° N ., 40° W. The latter moved northeastward, 
reaching Iceland on the morning of the 24th, with 
readings at the center as low as 28.94 inches. 


The daily weather maps of August disclose an interest- 
ing and rather unusual movement of an anticyclone 
during the last half of the month. On the 16th a small 
HIGH appeared over the Dakotas, moving thence east- 
ward with gradually increasing intensity until on the 
20th and 21st it covered New England and the Canadian 
maritime Provinces. The central pressure on the 21st 
was 30.44 inches. Its subsequent course can be plainly 
traced across the Atlantic. On the 26th it was approach- 
ing the British Isles and on the 30th it largely dominated 
the weather of western and central Europe. On the 31st, 
as shown by the British map of that date, the center 
was over Russia, with a central isobar of 1,028 millibars 
(30.36 inches). 

On the 22d a depression formed in the western Carib- 
bean Sea and moved northwestward through the Yucatan 
Channel into the Gulf of Mexico. It developed into 4 
hurricane, an account of which appears elsewhere in the 
REVIEW. 


On the 27th a moderate depression formed east. of 
Newfoundland, whence it moved slowly eastward, giving 
rise to moderate and fresh gales over the northern steamer 
routes. On the 29th, in conjunction with a depression 
from off the west coast of Spain, it formed a double- 
centered depression extending from Iceland to the 
region southwest of Ireland. 
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OCEAN GALES AND STORMS, AUGUST, 1926 : 
Voyage Position at time of Direction : 
lowest barometer Time of Low- | tionof | and force | tionof | Highest Shifts of wind € 
Vessel Gale lowest Gale est wind of wind wind force of neat thane of § 
began | barometer | jbarom-| when | attime | when | wind and |), parometer 
To— Lati- | Longi- eter | gale | oflowest | gale direction 
tude . tu began ometer | ended : 
NORTH ATLANTIC 
OCEAN 
Pres. Harding, Am. 8.8..| New York...| Cobh__...... 45 15N.| 37 16W. | July 31] 8p, 1st_.-.| ENE-E-S 
Balsam, Am. 8. S_......- Belfast......- New.York...| 55 22N.| 17 56W. | 31__.... 29. SSE....| SSW.,10..| WSW_-| SSW.,10._| SSW-SW 
Nesian, Br. 8. Antwerp____- 45 23N.| 36 25W.| Aug. 1 -| 8a,2d_..._- 20. 70°} B....._- Wi WNW.,8.| S-W-WNW 
Bellatrix, Du. 8. Norfolk. ..... Buenos Aires.| 22 16N.| 56 02W. | 3.50p, Ist..| 29.39 | NE:...| N., 10... SW....| NxW.,11..| NNE-N 3 
he, Am. 8. 8.......| Hamburg....| Galveston....| 29 30N. | 61 54W. | 7.52a, 3d...| 9.77) WE. By E-NE. 
Wellfield, Br. S. S.......- Lands End...| Key West....| 20 44N.| 67 10W.| 4a, 5th... | 29.75 | B...-.. NE., 9....| NW....| NE., 9....| NE-N. 
Colorado Springs, Am. | Manchester..| New Orleans.| 31 28N.| 66 56W. | 5______- 6th.___- 6th_____ 28.87 | NE., 12....| NW-__.-| NE.,12....| E-NE-N 
San Gerardo, Br. 8. S.....| Tuxpam.....|! 30 21N. | 165 03W. | 5.....-- 5.30p, Sth..| 6th...__| 29.08 | ESE___| NE.,12.._| W_....- NNE., 12..| NE-NNE 
Caracas, Am. 8. New York-_--| Curacao.-_-... 31 52N 69 58W. | 6......-. Noon, 6th_| 29.78 | NE....| NW.,8....| NW..,8....| NE-NW-W 
Roma, Fr. 8. arseille__..- New York...| 38 10N.| 63 44W. | &, 29.32 | WSW..| S., 10_-.... Ww-S-WSW 
Orca, Br. 8. S..-..------ Cherbourg. 40 50N.| 62 10W. | 6p, 7th_.-.| 8th...__ 28.80 | SSE_...| SW., 10-12| W____- SW.., 12_...| S-W-N-SW 
Minnewaska, Br. 8. S...| 41 30N.| 60 45W. | 11.30p, 7th | 8th... 29.40 | xW.,9...| WSW-_.| SW., 8-SSW 
Balsam, Am. S. 44 27N.| 57 20W. | 10a, 29. 67 | SSE....| SSE.,9.-..| SW__..| SW., 10....| SSE-SW 
Esparto, Am. 8. S.......- New York...| 38 35N. | 73 51W. | 9.15p, 14th | 14th.._.| 29.97 | Ws NW....| W.,10....- W-NW. 
Brave Coeur, Am. 8.8...| Rotterdam...| Galveston....| 46 31IN. | 16 43W. | 3.30p, 15th| 17th....| 20.34 | S_...._- s-W. 
Winifredian, Br. S.S...-.| Liverpool. Boston......- 46 34N.| 34 44W. | Noon, 16th) 17th____| 29.32 | SExS..| WSW.,6-7) WNW-| WXxN.,9__.| SxE-WSW é 
Baron Nairn, Br. 8. Antwerp-.__- Norfolk. 48 89N. | 36 34W. | 4.30p, 16th} 17th._..| 29.06 ....| NNW., 10.| NW-....| NNW., 10.| NNW-N 
New York City, Br. S. S_| Philadelphia_| 50 46N. | 21 13W. | lla. 17th..| 19th.._| 28.77 | SW__..| SW.,9--... NW...-| SW.,9....- SW-WSW 
United States, Dan. S. 8.| New York..-| Christ d| 54 55N.| 25 27W. | 16...__. 4a, 29.10 WNW-_| WSW.,7..| SW_...| WNW.,9.| WNW-SW 3 
Saramacea, Am. S.S.....| New Orleans-| Belize..._.... 23 44N. | 88 04W. | 2a, 23d...| 28rd..._| 20.34 | NE....| NE.,8.....| 8...._.. NE.,8.-..- E- 
Olancho, Hon. 8. S......|...-- Puerto Cortez) 23 50N.| 87 50W. | la, 23d....| 23d__._- 29.58 | NE...-| SE.,10....| SSE__..| SE.,10.._.| ESE-SSE 
Morazan, Hon. S. Vera Cruz...-| New Orleans.| 27 36N.| 89 44W. | 23.____- Noon, 25th| 26th 29.62 | 8....._- SW....| SSW.,9...| S-SSW 
New Orleans.| Miami_...__- 29 BON. | 89 50W. | 26th..._| 29.40 | 10-11... SE-SSE 
0, New York... Baton Rouge | 28 59N.| 89 07W. | 26.____- 1.30a, 26th.| 27th....| 29.49 | NW...) SW-NW 
NORTH PACIFIC ii 
OCEAN 
Oakridge, Am. 8. Portland-._.. Yokohama_..| 45 57N. | 154 59E. | 4th__._- 10a, 5th....| 5th__._. 29.56 | SSW._.| 8., 5.......| SSE., 8.__| None. % 
Dilworth, Am. 8. S_..... Manila....._. San Francisco; 46 16N. | 149 52W. | 2a, 10th....| 10th....| 29.79 | BB, SE_.... Steady. 
Victorious, Am. 8. Panama..-... Honolalu....|*18 N. |*125 W. | 2p, 15th..._| 15th...) 29.44 | —10....... Variable. ¥ 
Want Carmona, Am. S. | Manila....__. San Francis- | 37 52N. | 149 50E. | 17th..._| 4p, 18th_.._! 19th____| 29.38 | SSE__..| ESE., 9...| NE_...| ESE., 11__| SE-ESE. a 
co. 
Maru, Jap. 8. | 43 55N. | 162 17th_..-| 5 p, 20th.__| 2ist..__| 28.95 | SW...) W., NW., 10__| NNW-W. 
West Henshaw, Am. S. | Siain, P. 17 35N. | 128 25E. | 2ist....| 2ist....| 29.60 |......... WSW.., 8..| SW....| WSW., 8..| W-S. 
Tenyo Maru, Jap. 8. 8...| Yokohama-...} Honolulu---- 42N. | 153 83E. | 22d___.. 4p, 22d__... 29. 83 | E...... ESE...| E., 8.....- E-ESE. 
Volunteer, Am. 8. Honolulu. ...| Panama.--... 18 38N. | 125 36W. | 1lp, 22d_...| NNE..| E., 9.-.... NE-E. 
Somedono Maru, J p. 8. | Wakamatsu..| Portland... 51 46N. | 166 25W. | 28th..._| 9p, 28th _..| 30th..__| 29.21 | NW._-| NW.,4.__| W.__.- NW., 9.__| 4 points. 
Tatsuno Maru, Jap. 8.S.| Yokohama...| San Francis- | 44 38N. | 169 25W. | 29th....| Noon, 30th| 3ist....| 29.26 | SSE__.| SSE.,9...| SW....| SSE., 9.._| 2 points. q 
Shabonee, Br. S. Shanghai_.._- San 49 37N. | 167 29W. | 30th_.__| 3p, 30th....| 31st____| 20.22 | NE... B.,.0. E-ENE. 
ye 47 30N. | 179 30E. | 30th..__| 8a,3ist_...| Sept. 1| 29.17 | SE_.... NE., i0...| NW...| NE., 10... SE-E-NE-N- 
co. 
SOUTH PACIFIC 
OCEAN 4 
Tahiti, Br. S. San Francis- Sydney, N. | 28 358. | 164 | 5th...-.] Aug. 29.19 | NW...| WNW.., 9.| SSW...| WNW., 9.| WNW-SSW. 
co. 

1 Noon position, steering 8. 67 W. * Approximate position. 


NORTH PACIFIC OCEAN 
By E. Hurp 


The most important weather change since July over the 
northern part of the ocean was the considerable lessening 


in the occurrence of fog. Jul 
month above the 40th par 


was essentially a foggy 
el, a general 


which continued through the first decade of August. 
Thereafter only scattered fog was observed until the 27th, 
after which until the 31st it was prevalent. over the area 
bounded roughly by 140° and 170° west longitude, 


The North Pacific nian dominated the weather for 


the most part over the 
180th meridian. It was 


eat central region east of the 
turbed on its eastern boundary 


on the 21st to 24th, when a shallow low pressure area 
formed and lay at some distance off the northern coast 
of the United States, moved slightly northward, and 
died out without causing winds of consequence. 

Pressure conditions over the eastern half of the ocean 
were of a mild type, with only slight departures from the 
normal, as shown by the following table: 


40° and 50° north latitude. Locally, fog occurred ysiz 1.— Averages, departures, and extremes of atmospheric pressure 4 
frequently off a considerable length of the coast near San at sea level at indicated hours, North Pacific Ocean, paar 1926 4 
rancisco. 
Little cyclonic activity occurred in the Aleutian ; : 

Average | De 
region until the 13th, but after the 15th a Low overlay oO pressure | ture | Highest} Date | Lowest | Date } 
ne and the adjacent — There were few gales : 
i this region, however, and these were confined mostly Inches | Inch | Inches Inches a 
to the last three days of the month, when winds of force St. Paul | | 
10 roughened the central part of the upper steamer Midway “om 00| 
Toutes. Honolulu ?.__.....-...-. 30. 01 0. 00 30. 09 | 29th..._. 29.90 | 10th. Fa 
On the 8th a small row formed near 45° N., 155° W. Tatoosh | “Do. 

ment and caused no gales, except on the 10th, when a j 
Maximum force of 8, SE., was experienced near 46° 1 P. m, observations only. ‘ Twenty-eight days. i 
N., 150° WwW ? A. m.and p. m. observations. Twenty-nine days. 
Corrected to 24-hour mean. 6 Also on 3ist. 
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The weather at Honolulu was close to normal; the 
mean temperature of 79° was only slightly above, as was 
the precipitation, 1.30 inches. The total rainfall from 
January to August was 6.59 inches, and the accumulated 
deficit for the period amounted to 11.38 inches. Winds 
continued easterly and the maximum velocity was 34 
miles from the east, on the. 22d. This may be com- 
pared with the extreme August velocity of 36 miles in 1908. 

Several tropical storms occurred. Most of the infor- 
mation the Weather Bureau has at hand about those of 
the Far East is embodied in the attached report by the 
Rev. José Coronas, of the Philippine Weather Bureau. 
It may be added of the first typhoon described in this 
report, and noted as being lost sight of after passing 
Shanghai on the 16th, that according to the Tokyo 
Weather Charts it crossed the Yellow Sea and entered 


the continent to the northward on the 17th, thence 


disappearing in southwestern Manchuria. 

On the 17th to the 19th a storm which became violent 
on the 18th was experienced by the American steamer 
West Carmona near 38° N., 150° E. The highest force 
of the wind was 11, east-southeast, lowest pressure 29.38. 
At this writing it is impossible to say whether the storm 
was of tndpical origin or whether it developed near the 
place where it was reported by the West Carmona. 

In the American Tropics two cyclones occurred, 
neither developing hurricane strength, sofar as known. 
The first seems to have been brewing as early as the 8th, 
near 12° N., 96° W., at which time and place the Amer- 
ican steamer Victorious, Panama to Honolulu, reported 
“wind shifting all around the compass, then back to 
NE.” On the 1ith, near 15° N., 109° W., the vessel 
encountered moderate gales, with somewhat depressed 
barometer. Pressure fell slowly until the 15th, when 
the lowest reading, 29.44, was made, as shown in Table 1. 
The highest wind force was 10, on the same date. Heavy 
rain squalls occurred through the week of the disturb- 
ance. The Victorious continued in the storm area, run- 
ning nearly in the course of the cyclone until the 16th, 
the vessel then being at Greenwich mean noon in 17° 
33’ N., 125° 40’ W., pressure still low, at 29.72, wind 
from the south, indicating that what remained of the 
cyclone still lay to the westward. Dense fog accompa- 
nied the storm on the 17th. 

The second disturbance of this region occurred on the 
22d-23d near where its predecessor was lost sight of a 
week previously. The lowest observed pressure was 
29.60, near midnight of the 22d, highest wind force 9 
from the east, in 18° 38’ N., 125° 36’ W., as reported by 
the American steamer Volunteer. 
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TYPHOONS AND DEPRESSIONS 


ONLY TWO SEVERE TYPHOONS IN THE FAR EAST DURING 
AUGUST, 1926 


By Rev. José Coronas, 8. J. 
| Weather Bureau, Manila, P. I.] 


This month of August has been rather remarkable for 
the lack of severe typhoons. There have been none over 
the Philippines. d even in the whole Far East there 
have been only two intense typhoons but of no great 
extension. As they were both of a similar character so 
they followed also similar tracks. 


The first typhoon appeared on the 12th over the 
Pacific about 250 miles east of northern Luzon between 
126° and 127° longitude E. and near 17° latitude N. It 

robably moved north on the 12th and north-northwest 
rom the 13th to the 16th. In the afternoon of the 14th 
the center passed near to the west of Ishigakijima (in the 
Meiacosima group of islands) where the barometer had 
fallen at noon to 735.5 mm. (28.96 inches) with a whole 
gale from the northeast. We do not know the barometric 
minimum, which must have been observed in the after- 
noon of the 14th. The typhoon entered China in the 
afternoon of the 15th near 121° longitude E. and 28° 
latitude N. It passed west of Shanghai in the morning 
of the 16th, moving still north-northwest. It is not pos- 
sible with the data on hand to decide whether it contin- 
ued moving north-northwest after passing west of Shang- 
hai or whether it recurved northeastward. [See preceding 
article.| The steamer President Hayes felt the influence 
of this typhoon on the 15th over the northern part of 
Formosa Shannel. 

The other typhoon was formed on the 20th about 200 
miles east of northern Luzon, between 125° and 126° 
E. longitude and near 17° N. latitude. It moved to the 
north on the 20th and 21st and in the morning of the 
22d, and to the north-northwest in the afternoon of the 
22d and on the 23d. The center passed over the Meia- 
cosima group in the early hours of the 23d. The barome- 
tric reading at Ishigakijima was 741 mm. (29.17 inches) 
at 6 a. m. of that day, the winds blowing at that time 
with hurricane force from the south. The typhoon 
entered China in the morning of the 24th, moving 
west-northwest, but recurved to the north in the after- 
noon of the same day and to north-northeast on the 
25th, the center a the west of Shanghai in the 
afternoon of that hee, n the early morning of the 27th 
the typhoon was over the northern part of Korea, moving 
northeastward. 


DETAILS OF THE WEATHER IN THE UNITED STATES 


GENERAL CONDITIONS 


Two tropical cyclones passed inland, one over the 
Louisiana coast the other over the east Florida coast. 
Neither storm exhibited great energy after passing the 
coast line. The month as a whole was warm; rainfall 
was heavy in the Lower Lake region and the Ohio Valley, 
and normal or slightly above elsewhere, except in South 
Carolina, New Mexico, Oklahoma, and_in parts of ad- 
joining States where drought continued. The usual 
details follow.—A. J. H. 


CYCLONES AND ANTICYCLONES 


By W. P. Day 


Thirteen disturbances were sufficiently definite to be 
followed for a few observations or more. Most of these 
took form over the northern Rocky Mountain region 


and moved slowly eastward without gaining more than 
slight intensity. Two disturbances, however, were of 
tropical origin and developed hurricane intensity over & 
considerable portion of their respective paths. One of 
these moved northward just west of Bermuda and was 
last noted as it passed over Newfoundland with some- 
what diminished intensity. A barometer reading of 
28.90 inches was reported southwest of Bermuda on the 
morning of the 6th. The other storm struck the extreme 
southern Louisiana coast on the evening of the 25th 
with barometer readings as low as 28.31 inches. 

Ten high-pressure areas were plotted. One of these 
cool-air masses, pushing southward along the coast from 
eastern Canada, encountered a disturbance off Hatteras, 
whereupon a long cool rainy spell developed along the 
Middle Atlantic coast from the 18th to the 22d. 
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FREE-AIR SUMMARY 
By L. T. 


In Table 1 the temperature departures for the month 
are inappreciable except for the highest levels, where a 
marked tendency toward plus departures occurs at all 
stations. Relative humidity departures were mostly 
small and those of vapor pressure were likewise of no 
special significance, the latter being in general of the 
same sign as those for temperature. a 

In Table 2 the resultant winds for Ellendale exhibit 
the most pronounced a from normal. At this 
station there was a decidedly greater south component 
together with a — resultant velocity than normally, 
particularly in the higher levels. 

An exceptionally striking example of a very deep and 
strong ascending air current occured at Ellendale on the 
12th when the kite carrying the meteorograph became 
detached from the kite wire and immediately rose from 
an altitude of 1,750 meters to 4,900 meters above ground. 
The kite and instrument, together weighing myn ceed 
mately 18 pounds, rose as a free body throughout this 3- 
kilometer air column at the rate of 6.5 meters per second. 
The descent was at the rate of 4 meters per second. If 
we assume the effect of eM alone and no descending 
current acting upon the falling kite, it is evident that the 
rate of the ascending current was approximately 10.5 
meters per second. he meteorogram reveals a satu- 
rated condition throughout this air column ‘and a tem- 

rature inversion at its top. The following is taken 
trom the report of the official in charge at Ellendale: 

A most unusual and exceedingly interesting action of the kites 
followed the breakaway on the 12th. The kites were being held 
at 2,200 meters awaiting the outcome of a thunderstorm cloud 
which had developed to the north and was spreading out toward 
the east and southeast. It appeared at first that our kites would 
be only in the extreme western edge of the rain area; however, 
the cloud built up toward the west and enveloped the kites more 
than was expected. When it became apparent that we could not 
wholly escape the storm, we started to reel in. Three kites were 
flying, two above the clouds and at a high angle. The record 
shows the head kite was at an altitude of approximately 1,600 
meters at this time. We had reeled in for seven minutes under a 
omine geg pull, which reached 350 pounds when the break oc- 
curred. uring the interval of reeling in the surface wind had 
veered sharply to N. from SSE., the wind aloft remaining un- 
changed. At 4:49 p. m. the break, or rather the two breaks, came 
in quick succession. The upper section of the kite wire, between 
the second and third kites, was evidently struck by a mild light- 
ning discharge, for it was found blackened and distempered later. 
This weakened it so that a break occurred at about 1,000 meters 
releasing the two lead kites in a westerly wind. The lower kite 
now being free from the others, shifted into the north wind. The 
shift took place so abruptly that with the sudden release from the 
other kites slack was thrown in the wire, forming a kink near the 
reel where the second break occurred when the wire again became 
taut. This last kite, trailing over 600 meters of wire, then moved 
off toward the south and southwest and finally caught on a tele- 
graph wire about 2 miles to the southwest of the station. From 
this mooring the wire lay across a high tension line carrying 13,200 
volts. When we reached the place long sparks were shooting up 
the kite wire whenever it touched two of the high-voltage wires. 

e kite wire was soon burned through and the kite came to the 


’ ground. This kite and wire were then recovered and taken back 


to the station. 
pon our return to town a telephone call had come in from the 
east that a kite was about 15 miles ENE. of the station. We 
made a trip out after it the same evening over exceedingly muddy 
and rough roads, made so by the heavy rain which fell east of the 
station during the thunderstorm. This kite, the first secondary, 
with most of the remaining wire, was recovered the same evening. 
kness soon prevented further search for the lead kite that 
evening. It was recovered the next day about 4 miles west of 
Where the other secondary was picked up. 
€ meteorograph record shows a most unusual action of the 
lead kite immediately following the breakaway. The upper sec- 
tion of the kite wire after being struck by the mild discharge broke 
at about 1,000 meters. It is not definitely known, as the kites 
Were above the clouds, but conditions point toward the fact that 
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the lead kite was at this time separated from the secondary, the 
break occurring at the swivel splice. This break was also appar- 
ently caused by weakened wire from the lightning discharge. he 
record shows that immediately after the break the instrument kite 
was actually sucked upward through the air and within a few 
minutes had reached an altitude of over 4,900 meters. This is by 
far the most amazing phenomenon I have ever encountered in 
connection with kite flying. Tremendous convection currents 
must have prevailed to cause such an ascent, for so long a period 
and through so much space, of an 18-pound kite and instrument. 
The record itself is unquestionable, both the pressure and tem- 
perature traces being quite true to form. The extreme height 
reached by the free kite was considerably more than twice that 
possible from the amount of wire out during the flight. 


(Signed) L, A. WARREN, Meteorologist. 
The data of this flight are given in the following table: 
Wind 
Time| Altitude(m) /Tempera- _4t Relative} Vapor 
p.m. M.S. L. ture 100m, jhumidity) pressure 
Direction) Velocity 
°C. mb. ™. p. 8. 
3:23 | 444 (surface)_.... 67 18.16 | SSE 5.8 
Sr 68 17.88 | SSE 6.0 
18.8 1.06 76 16.50 | SSE 71 
14.7 1.10 14.05 | SSW 6.3 
| 13.9 0. 58 92 14.62 | SSW 8.1 
11.6 0. 42 65 8.88; SW 9.7 
10.1 0. 76 93 11.49} WSW 11,3 
4:44 | 2,100... 9.2 0. 58 93 10.83 | W 
—2.1 0. 42 97 4.0) WSW i.......... 
4:56 | 6,831... 0.3 0. 19 97 


It will be noted that the lapse rate from the ground 
to 1,157 meters (M.S. L.) exceeded the adiabatic for dry 
air while that within the cloud through which the break- 
away kite was carried upward equaled the adiabatic rate 
for saturated air at the existing temperatures and 
pressures. It is evident that the convection in this case 
was extremely pronounced throughout an unusually deep 
layer, and although the lapse rates were sufficient to 
induce convection yet they were not greatly in excess of 
the respective adiabatic rates. "his however, should be 
expected from the fact that the observations represent 
conditions within the ascending column, whereas the 
lapse rates existing just previous to the vertical move- 
ment of the air in this region were probably even greater 
than those observed. hile only a trace of rain fell 
from this storm at Ellendale it will be seen from Mr. 
Warren’s report that heavy rain fell just east of the 
station. . 


26th 27th 
Altitude (m.) M. 8. L. Wind Wind 
Temper- Temper- 
ature 

Direction} Velocity Direction | Velocity 

Pp. 8. °C. 8. 
141 surface....2......... 19.8]; N 4.5 19.5 SSE 3.0 
18.8| NNE 12.7 18.7 SSE 8.3 
17.6} NE 13.9 16.1 11.7 
NNE 14.2 15. 6 SSE 14.5 
16.6| NNE 16.3 14.7 SSE 16.5 
17.8| NNE |. 17.6 12.8] SSE 18.2 
16.3) NNE 16.8 12.9 18.4 
2,500. 13.4) NE 15.4 12.7 SSW 19.2 
121) NE 14.8 1L6 SSW 19.5 


In connection with the tropical hurricane which 
reached the Louisiana coast on the 26th, the free-air 


5 
r 4 
r 
: 
10 
n 
st 
d 
le 
ic 
1e 
3° 
n- 
g- 
ag 
ce 
of 
00 
6° 
he 
he 
a8) 7 
me 
ng 
er- 
he 
the 
£ 
an | 
ra 
of 
of 
the 
me 
ese 
‘om 
ras, 
| 


352 


temperatures of the 26th and 27th over Groesbeck are a 
prominent feature. On the 26th this station was under 
the influence of the western quadrant of this disturbance, 
while on the 27th the center had passed just to the west 
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TaBLE 1.—Free-air temperatures, relative humidities, and vapor 
pressures during August, 1926—Continued 


RELATIVE HUMIDITY (%) 


of Groesbeck. Accordingly, the winds at Groesbeck on Broken Ar-| Due West, | Ellendale, | Groesbeck, | Royal Cen-| *Wash- 
the two dates were from practically opposite directions. row, Okla.| 8.C. "| N.Dak. ‘Tex. "| ter, Ind. | 
It is of special interest that the free-air temperatures AT 
were appreciably lower on the 27th when the winds were Altitude, 
southerly than on the 26th when they were northerly. Salieual De- De- De- De- De- 
(meters) par- par- - par- par- 
Wind velocities were strong on both dates. ture ture fare ture ture 
Mean) prom |Mean prom |Meat! trom Mean) trom Mean) fom | Mean 
At Broken Arrow on the morning of the 27th an cl eee at eee ee 
ESE. wind of 21 meters per second prevailed at 3,000 mean mean mean mean mean 
meters above ground. though the disturbance had 
almost disappeared so far as surface winds and pressures 
indicated, yet steep temperature and pressure gradients 74 
evidently persisted at this elevation. 
Also in connection with this storm the afternoon 1250--..... 
pilot-balloon observation at Groesbeck on the 25th,  2/000.277777 61 69 72 
when the hurricane was approaching the Louisiana pe 
coast, revealed steady increasing northeasterly winds 3,500... + 
to nearly 6,500 meters, by which time the balloon was = 4’500.272-77 53 re 
carried beyond the range of vision. Ci. St. clouds, %------- = i 
however, at a higher elevation were moving from the : it 
south. This is significant in view of the path of the Se ee 
hurricane and also because clouds of the same type at 
Broken Arrow, some 300 miles to the north, were simul- 33 08) 35. 
i 21. 34/-+1.04 22. 79!+-2. 80 16) +2. 27 22. 96 
taneously moving from the north-northwest. 
.| 15. 51/-+0. 31) 16. 91/+-1. ‘ 
TaBLE 1.—Free-air temperatures, relative humidities, and vapor 13. 63-0. 16| 14, 931-41, 43 15.07 
pressures during August, 1926 11. 27|-0. 17) 10. 85|-+0. 34 76] 13.28 
EMPERATURE (°C. 7.45/40. 24) 7. 02|-+0. 48)-+2. 
6. 88)+-1. 26 5, 44;—0. 18 94/+1. 97 6. 52 
6. 46/+-2. 04) 4. 29|—0. 36) 42/42. 5.18 
6.06|-+2. 74) 3. 75|—0. 20) . 97|+-3. 
Broken Ar-| Due West, | Ellendale, | Groesbeck, Royal Cen- ington, 2. 20) 2.30). 0.00)... 
(233 meters)|(217 meters)|(444 meters)|(141 meters)|(225 meters) meters) * Naval air station. 
m. 8.1. 
De- De- De- De- De- 
Mean) from |Me8) trom trom |Meanl trom ;Mean! from | Mean 
9-year 6-year |9-year \8-year, 9-year 
mean mean mean mean mean 
Surface... 27.7] 40.7 7.2 41.1) 19.3] 27.0 OO +04 
27. 5) +0. 6) 26.8) +1. 26.0) —0.1) 24.0 24.8 
25. 7| +0.2) 24.5 +1.3) 19.0) —1.2) 24.0) —0.3) 22.4) +0. 23. 8 
24.3) 6.0) 22.6) 18.0) —1.3) 22.5) —0.7| 21.0) +1.2 22.7 
23. 0} 0.0: 21.0) +1.1) 17.2) 21.2) —0.9) 19.4) +12) 21.5 
21.5 19.6, +1.2) 16.3} —0.8| 20.2} —0.6| 181) +1.4) 19.9 
1,800. 20.1) +0.2) 182) +1.3) 15.4) —0.3) 19.2) —0.2) 16.5) 7-12) 18.4 
17. +0. 15. 6| +1.6| 13.2) +0.4) 16.7| 13.8 +1.3 15.7 
2,500. ...... 14.4) +1.4) 12.9| +2.0) 10.5) +0.6) 14.3) +0.6) 11.0) 12.6 
1.3} +1.5, 10.1, 421) 7.5} 121/410) 7.8| $0.7 9.8 
8.6) +2.2) 42.6 4.3) 40.2) 9.7) 411) 56.9) +15 6.7 
4,600_.....- 5.81 +24) 50/433) 12) OO 84) 424) 3.9) +2, 3.1 
TaBLE 2.—Free-air resultant winds (m. p. s.) during August, 1926 
Broken Arrow, Okla. (233 | Due West, &. C. (217 Ellendale, N. Dak. (444 Groesbeck, Tex. (141 Royal Center, Ind. (225 | Washinetin 
meters) meters) meters) meters) meters) meters) 
m. Ss. 1. 
(meters) Mean 9-year mean Mean 6-year mean Mean 9-year mean Mean 8-year mean Mean 9-year mean Mean 
Dir. Dir. |vel| Dir. |Vel| Dir. Dir. |Vel.| Dir. |Vel.| Dir. |Vel.| Dir. |Vel.| Dir. [Vel] Dir. [Vel] Dir. [Vel 
2.5/8. 2°W.| 3.4/8. 70°W.| 2.4/N. 72°W./0.2)S. 56°E.| 1.6/8. 23°W.| 0.8/S. 13°W.| 3.2/5. 15°W.| 3.0/8. 5°E.| 0.9/S. 55 W.| L2iN. 79°W. 
2.68. 2°W.| 3.6/8. 71°W.| 2. 83°W. | 10°W. | 4.2/8. 16°W. | 4.1/8. 31°W.| 1.7/8. 58°W.| 1.5|N. 67) W.| Le 
3.9/8. 12°W.| 5.2/8. 70°W.| 4.2\N. 74°W./ 0.7/8. 45°E.| 2.1/S. 18°W.| 1.3/8. 19°W.| 5.5)S. 22°W./ 2.4/S. 45°W.| 2.4/8. 63°W. | 3. 2/N. 61°W. 
3.7)S. 19°W.| 5.7/S. 70°W.| 73°W./ 1.0/8. 20°E.| 4.4/8. 26°W.| 2.6/8. 23°W.| 6.1/S. 21°W.! 6.0/S. 54°W.| 3.0/8. 72°W.| 4.2)N. ew. 
3.4/8. 27°W.| 6.0\S. 75°W.| 4.9\N. 73°W.| OS. 6°E.| 2.8/8. 40°W.| 2.6/8. 22°W.| 6.3/8. 20°W.| 5.9/8. 59°W.| 3.2/8. 77°W.| 5.1|N. 66°W. 
3.3]S. 33°W.| 5.6)S. 78°W.| 5.3/N. 79°W. | 1.5/S.- 20°W.| 2.7/S. 50°W.| 3.0/S. 21°W./ 5.6/S. 20°W.| 5.4/S. 74°W.| 2.9/S. 82°W./ 5. 7)..---- 
40°W.| 5.5/8. 76°W.| 6.5|N. 88°W.| 2.3/S. 35°W.| 3.0/S. 61°W.| 3.6/S. 19°W.| 4.9/S. 16°W.| 4.8/S. 89°W.| 4.3/8. 87°W.| 6. 83°W. 
2.818. 45°W.| 5.0/8. 75°W.| 81°W./ 3.2)S. 58°W.| 75°W.| 4.8/8. 3.7/S. 9°W.| 4.0/N. 80°W. | 5.6)S. 80°W.| 7. ew. 89 
2. 50° 5.0)/S W.| 9.3\N. 81°W.| 73°W.| 7.5)S. 86°W.| 8.6|S. 22°W.| 4.0/S. 10°W.| 4.0|N. 81°W. | 6.4/N. 86°W. | 8 78°W. 02 
1.2/8. 48°W.| 5.4/S. 76°W. |10.3/N. 85°W. | 5. 38. 74° W. |10.8 w. 8.7/8. 34°W.| 3.3/8. 15°W. 3.9)N. 69°W. | 8 84°W. 7/N. 78° W. 
5.3/8. 45°W.| 6.7|S. 83°W. |12. 88°W.| 8. 2/8. 72°W. 12.5/N. 85°W. |11.3/S. 59°W.| 3.5/S. 16°W.| 4.8IN. 64°W. |14.6IN. 84°W. |11. 4|N. 77°W. 
|18. 51°W.| 7.7/8. 65° W. 1/8. 88°W. 9. 2/8. W. |13.9/N. 83°W. 7/8. 22°W.|13.0/S. 7°W.| 4. 6/N. 56°W. |15. 2)N. 84°W. |12. 88° W. 101 
18. OS. 58°W.| 7.1) 87°W. |11. 1/8. 74° W. |16. 84° W. |12. ..-.|N. 63°W, N. 80°W, |13. 81°W. 
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THE WEATHER ELEMENTS. 
By P. C. Dar, In Charge of Division 
PRESSURE AND WINDS 


Aside from an unusually long rainy period over the 
middle portions of the country from the Great Plains 
eastward to the Atlantic coast during most of the second 
and the first few days of the third - ioe and a severe 
tropical storm that passed inland from the Gulf of 
Mexico over southern Louisiana on the night of the 
25th-26th, weather conditions for the month were not 
materially different from those usually expected during 
the last month of summer. 

Cyclones were mainly weak and frequently indefinite, 
and anticyclones of importance were confined mainly to 
the more northern districts and exerted no marked 
influence on the weather, though the frequent suc- 
cession of moderate pressure changes brought agreeable 
variations in temperature over most parts of the country. 


At the beginning the remnant of the severe tropical 
storm that had entered the United States near northern 
Florida on the morning of July 28 and had moved north- 
westward to the vicinity of Memphis, Tenn., and then 
recurved to the northeast was central over Indiana. 
Precipitation had occurred during the preceding 24 
hours over much of the territory between the Mississippi 
River and Appalachian Mountains, the amounts being 
heavy in portions of the Ohio Valley and near-by areas. 
This storm moved to the lower St. Lawrence Valley 
during the following two days and brought additional 
precipitation over the area previously referred to as well 
as to much of the country to eastward. Only scattered 
precipitation, mostly from thunderstorms, occurred 
during the remainder of the first decade, save on the 2d, 
hen, hake rains fell over a small area in extreme south- 
western Arizona, particularly in the vicinity of Yuma, 
where much damage resulted to crops and irrigation 
equipment. Further damage resulted to crops later, 
due to impairment of irrigation facilities and inability 
to secure necessary water. 

Near the beginning of the second decade low pressure 
and rainy conditions became established in the middle 
Mississippi Valley and adjacent areas and with local 
variations persisted in that region and generally to the 
eastward for many days; over large areas from eastern 
Nebraska, Kansas, and Oklahoma, to the Atlantic 
coast, precipitation occurred almost daily until early 
in the last decade. While rainfall during this period 
was mainly not heavy, still in certain localities, par- 
ticularly in the Ohio and middle Mississippi Valleys, 
Great Lakes region, and Atlantic coast districts, it was 
heavy and locally damaging. . 

cpupoally heavy precipitation occurred over extreme 
southern Florida on the 18th, more than 8 inches falling 
at Key West within less than three hours, the heaviest 

all in so short a period ever known there. 

General and frequently heavy rains occurred over much 
of the country from the Mississippi Valley eastward near 
the middle of the last decade, and heavy precipitation 
was, as usual, associated with the severe tropical hurri- 
cane as it approached the middle Gulf coast on the 25th 
and 26th, 24-hour falls ranging from 5 to 15 inches being 
Teported at points near the storm center. This storm was 
attended by high winds near the coast, with much damage 
to property and some loss of life, a full description of 


which will be found elsewhere in this issue. 
11392—261——38 
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Except as noted above, the last week of the month was 
mainly without important cyclonic activity and little 
precipitation oceurred. : 

The pressure distribution was not greatly different 


from that usually expected in August save that the 


monthly averages were slightly higher than usual over 
most of the United States and Canada. A small area in 
the far Northwest had averages slightly below normal, as 
did portions of the central valleys where precipitation 
was so persistent near the middle period of the month. 

The average pressure was nearly everywhere higher 
than in July preceding. This is usually to be expected 
over the northern half of the country from the Rocky — 
Mountains eastward, but in the South and far West 
tg August pressures are usually lower than those 
for July. 

The gradient between the areas of highest and lowest 
average pressures were not sufficient to greatly influence 
the prevailing wind directions, but these were mainiy 
from southerly points except along the Pacific coast 
where they were chiefly from the Northwest. 

Wind and hail storms were less frequent and damagin 
than in July, although high winds attended the tropic 
hurricane in the middle Gulf section. 

Full details of the more important storms of the month 
appear in the table at the end of this section. 


TEMPERATURE 


The unusual warmth that has been a prominent feature 
of the weather over the far West for many months con- 
tinued during August, but to a less exteut than in most 


peering months, and gave some indications of a final 


reak-up. At the same time the northeastern districts 
which have been as persisteatly cool showed evidences of 
a change to warmer, though coolness was still maintained 
in the more northeastern sections. 

As a rule there were frequent changes in temperature 
so that uncomfortable warmth or coolness did not long 
persist, and while the month was mainly warmer than 
normal the excess was due rather to moderately warm 
nights than to excessively warm days, a condition which 
resulted in many instances from long periods of cloudy, 
rainy weather. 

The Sversay by weeks were usually moderately close 
to the normal, save for that ending the 31st, which was 
distinctly warm over a large area composing the central- 
northern districts and correspondingly cool over a com- 
paratively small area immediately to the southward. 

The average temperatures were above normal over the 
greater part of the country, though only in a few instances 
were the departures of importance. In parts of the far 
Northwest it was the tenth consecutive month with 
average temperature above normal, and in portions of 
eastern Washington the month completed the warmest 
summer in more than 50 years. 

Over most of Montana the month was slightly cooler 
than normal for the first time during the present year. 
On the other hand, small areas in the Lower Lake region 
had the first monthly averages above normal since 
January. The extreme northeastern districts continued 
cool, as in all months so far save January. 

The warmer peice a ranged from the Ist to 31st, de- 

ding upon location, though they occurred mainly 
uring the first decade from the middle and southern 
Plains eastward to the Mississippi River and in the North- 
east, near the beginning of the second decade over the 
Ohio Valley and to eastward, and about the middle of the 
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last decade from the Great Lakes westward and in the 
far Southwest. 

Maximum temperatures reached 100° or slightly more 
at some time during the month in nearly all the States, 
the highest observed, 124°, occurri 
118° in Arizona and 110° or higher in most of the other 
States from the Great Plains westward. Locally in 
Nebraska the maximum temperatures on the 25th were 
the highest-ever observed in August. 

The lowest temperatures were observed mainly toward 
the end of the month, though in Florida they occurred 
on “ 4th and in the west Gulf States mostly on the 8th 
or 9th. 

No freezing temperatures occurred over the important 
crop-growing districts, but readings below 20° were ob- 
served at a few high stations in Colorado and New 
Mexico, and most of the other mountain States had read- 
ings below freezing at elevated exposures. 


PRECIPITATION 


Over the more important agricultural districts the 
precipitation was mainly sufficient for crop needs, though 
portions of Kansas ect near-by areas of other States 
suffered from drought during the first decade, and similar 
conditions existed in the far Northwest. 

The month as a whole was dry over most of South 
Carolina, and in portions of eastern Georgia, northern 
Florida, southern Texas, and generally over the South- 
west. 


in California, with 
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In the Ohio and middle Mississippi Valleys, Lower 
Lakes, and Middle Atlantic States precipitation occurred 
frequently, was generally well above the normal, and 
locally excessive; some stations paporting the monthly 
falls as the greatest ever measured in August. There 
were large excesses over southern Florida and along and 
near the Gulf coast from western Florida to Louisiana, 
the latter due mainly to the heavy rains attending the 
tropical storm near the end of the month. 

he general absence of rains during the early part of 
the month favored the continuation of severe forest fires 
in the far Northwestern States, and these were largely un- 
checked until after the middle, when more or im- 
portant rains fell over wide areas. | 


RELATIVE HUMIDITY 


Over practically all portions, from the Missouri and 
Mississippi Valleys eastward to the Atlantic coast, the 
relative humidity was mainly well above the normal, 
though the effect of drought in portions of the Southeast 
is well outlined by a corresponding area showing humidity 
below or only slightly above normal. 

In the far West relative humidity was mainly above 
normal over northern districts, due largely to rather moist 
conditions existing in the latter part of the month. In 
the Southwest humidity was less than normal throughout 
the month, though the deficiencies were not large. 


SEVERE LOCAL HAIL AND WIND STORMS, AUGUST, 1926 


[The table herewith contains such data as have been received concerning severe 


that occurred during the month. A more complete statement will appear in 


local storms 
the Annual Report of the Chief of Bureau.] 


Place Date | ‘Time | Width ot] | Character of storm Remarks Authority 
life 
Yards! 
Evansville, Ind. (12 miles 3/P.m 1 Electrical _........ No property damage reported; one person in- | Official, U. 8S. Weather Bu- 
southwest of). jured. reau. 
Purdum, Nebr. (8 miles 3 | 67p.m | | Heavy damage over 140 acre field; other fields Do. 
northwest of). slightly injured. 
3 Electrical ........-. Nine cows and 57 sheep killed Do. 
a Ariz. (7 miles 4|P.m 600 | Thunderstorm and} Slight crop damage and 57 goats killed.......... Do, 
nor 
a fy adjacent coun- 4-6 3 Thunderstorms | Crops, buildings, and wires damaged.........--.| Do. 
ies, Ind. and winds. 
Mich. (10 miles 5|45a.m Thunderstorm....| One house burned and another damaged. -_...... Do. 
Detroit, and 5 | A, m. Electrical ......... Much damage to wire systems and farm build- | Times Mich.); 
t, Mich. ings; traffic impeded. Grand Nias Press 
ch.). j 
Frankfort, Ind. (near) ..... 5 Heavy hail........| | Moderate crop damage reported. Official, u. S. Weather Bu- 
reau, 
Mahoning County, Ohio__. 5 do. of not reported .........-1.... Do. 
Mayville, N. Dak_........- 5 Severe hail and | Thirty thousand bushels of small grains de- Do. 
Chacon, N. Mex. (near) 6|24p.m Do. 
Lenawee County, Mich.__- 6 | 56p.m 100, 000 Thousands of acres of crops destroyed, fruit Do. 
trees injured; wires blown down; many chick- 
Erie County, N. Y., north- 6 Thunderstorms, Building tes wer lines damaged: Do. 
N.Y. , telephone er 
otwe to Adirondack wind and crops fahured; some bail reported at Oswego. 
Fulton and Henry Coun- 6 ~ Destructive hail...| Character of damage not reported Do. 
es, 0. 
6 Wind and hail__..| Several buildings damaged Do. 
6 | 3p. m_..../440-1, 760 17,000 | Hail............... and other crops damaged over path 6 Do. 
es long. 
Tip oe City, Ohio (2: 6 5,000 | Electrical......... Barn qetrenes.... Do. 
south of). 
Ville Platte, La............ 440 2,760 | ‘Timber, crops, and buildings Do. 
Pleasantview Many acres of wheat destroyed. .......4.s-.-...| Tribune (Pocatello, Idaho). 
nei nty, Idaho. 4 
Cherry, Boyd, Holt, Knox, 9|5-7p.m...}. 30 mi, 150,000 | Wind, rain, and | Many farm buildings wrecked; ero: ; | Official U. S. Weather Bu- 
Antelope Coun’ hail. trees uprooted. Path 120 miles reau, 
ebr. 
Rawlins County, Kans. 9/8p.m 2,500 | Tornado. -.........| Damage chiefly to barns and outbuildings...... Do. 
(northeast part of). 
wiins , Kans... 9/|8l0p.m | Minor dam: as most staple crops had ma- Do. 
tured. Path several miles wide. 
Watson, Utah 9 2,000 |... tne stripped; windows broken Do. { 
and roo 
Patironi, Colo. io | Pim 1 Two houses demolished, other buildings, several | Daily Sentinel (Grand June” 
autos, and farm machinery Aestrayed or badly tion. Colo.). ; 
Three persons injured. 
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_ Severe local hail and wind storms, August, 1926—Continued 
Loss| Value of 
Place Date | Time | Widthot! “or’| property | Character of storm Remarks Authorit 
path | | destroyed 
Yards 
‘Salina, Kans. P.m -- |Dust whirls.......| Some to. barns and small buildi Official, U. Weather Bu- 
Whirls had many characteristics of a torn reau, 
Burns, Wyo-... 10 18,000 | Hail and wind_-.. Fah ahent 20 sections, crops Do. 
ou r cen 
Kewanee, Ill. (near) 10 3, 520 sad Considerable damage over an area mile square... Do. 
Meeker, Colo... Destructive hail...| Gardens injured; auto tops Do. 
A ll | 20,000 | W and ----| Considerable damage in low sections by flood- Do. 
ing; several houses struck by lightning; 1,000 
orm. ... Wo men injured; no property re 
11 | 8:20 p. m. .| Wind and hail....| One barn and several blown over....- Do. 
County, Ohio. Destructive hail...| Character of damage not reported Do. 
Manti, ll Fruit and standing grain injured Do. 
k, Wyo. 12 | 1:15-1:45 and some wiring damaged. Path 4 Do. 
. m, miles long. 
Hartford, Conn., and vicin- 12 4 Violent electrical..| Many fires started by lightning; traffic impeded; | Hartford Courant (Conn.), 
ity. overhead wire systems damaged. : 
Hingham, Mont. (north of). 12 [..-do. ig Heavy local crop Official, U. S. Weather Bu- 
reau. 
Tonia County, Mich........ 12 27,000 | Electrical. Six barns and a church Grand Ra Press (Mich.) 
Lower Hudson and New 12 niet 1 500,000- | Thunderstorm, | Subways and rail lines paralyzed; many build- | Official, 8. Weather Bu 
York Bay district. 1, 000, 000 d, and rain. ings struck by lightning; matty Reaes. in- reau; Herald Tribune (N. 
jured; much property 
Toulon, Ill. (near) Electrical. Barn burned, | horse and 7 hogs Official, U. 8. Weather Bu- 
reau. 
Md. conse 5,000 | Wind: .........._. A number of barns unroofed; trees uprooted..... Do. 
eastern 
ulett, 13 | La. 1, 760 500 | Tornado. -_........ damaged. Path 3 Do. 
oone, Story, Polk, and Buildings, crops, and orchards damaged......... Do. 
Buren 
owa. 
Monmouth, Ill. (near)... 3, 520 ....| Heavy hail........ Damage severe; fruit Do. 
City, N . Y.,and 14} A.m Thunderstorm, | Many trees uprooted; trafficimpeded; buildings | American (New York). 
Shadyside, d, and rain. damaged; roads inundated. 
Ohio. ..........| 14 | 1:50 p.m 31,000 | Probably tornado. og and contents damaged; 8 persons in- | Official, U. S. Weather Bu- 
reau, 
Minneapolis, 15 | 9:35 a. m Wind and rain.._- damaged; much inconvenience Do. 
resulted from traffic interruption. 
‘Hollis, Okla. 15 | 4p. m..._. 1, 760 Hail on Tonge crop damage some sections. Do. 
maiuies. 
Charles ee Reger. 15| P.m 50,000 | Wind............. damage to business houses. Tribune (Sioux City, Iowa). 
Roy, N. Mex, (near)......- 16 | 2:30p.m..} 3, 500 Heavy hail........| Considerable crop loss Official, U. 8. Weather 
ureau. 
Fremont County, Iowa._.. 16 | 8. m. Hail Ge damaged 25 per cent............-.4..-.2.. Do. 
i % shore Long Island, 16 200,000 | Wind and water. jouses wrec pte pe <a hers damaged; | Official, U. 8S. Weather 
spout. “any. trees in Glen Cove and Sea Cliff up- ; Herald (New 
ork). 
Ridgefield and Morsemere 16 | 6:45 p. m_. 33 50,000 | Tornado. ........- Some fs Pag totally destroyed, others | Official, U. 8S. Weather 
into Palisade, N. J. damage any trees uprooted. Bureau. 
Wier, 16 1,000 School struck; several persons shocked. Do. 
Ark. (near) into 17 | 6:15 p. m.. 100 2 15,000 | Tornado. "injured, property damage; 11 persons Do. 
— (south of) to Mar- 17 | 8p. m..... 880 |. do. A few buildings wrecked; crops damaged 50 | Evening Tribune (Des 
cus, Iowa. per cent, Moines, Iowa). 
Wellington, Kans_......... 18 | 12:40 p.m 1,500 | Gardens and truck Opel, 8. Weather 
ureau. 
(13 miles 18 | 6 p, m...... 50 200 | Tornado..........| Minor damage. Path 10 miles Do. 
Carroll and Mitchell 18|P.m Hail. -+---+-«| Much destruction in places. Do. 
Counties, lowa. 
O'Neill, 19 p.m....-| 1,760 |... do Damage severe in places. Do. 
Wray, 19/4p.m...-.| 3 mi. 20,000 | Hail and wind....| Character of damage not reported. Do. 
Wie miles} 000 | Tornad Small buildings damaged; Aattened; i'| Capital  ‘Pimes.|(Madieon 
onewoc, oon. m: uildings 1 a) 
Charlotte: 20 Considerable minor damage U. 8. Weather Bu- 
an reau. 
Wayne County, Iowa...... 20 | 7p.m.....} 1,760 Considerable damage over path 12 miles long. Do. 
Mitchell County, Iowa... 20 | 7:30 p. m.. 3 mi. 50, 000 1... do..... Sisadid Damage principally to crops. Path 3 miles..... Do, 
Keokuk County, 20 | 9p. m_.... 3 mi. 8, 000 do......-......| Crops and fruits injured; windows broken...... Do. 
bart, Okla., and vicinity. 21 | 5p. m..... 1, 760 2,000 | ....do....... other property damage reported. Do. 
East Lake Erie and vicinity 21 3 CK. hbceeccse One steamer sunk; crop and property damage Do. 
in Erie and Dunkirk 
Buchanan »Towa...| 2%3|2a.m 1,100 | Hail and wind....| Crops Do. 
Grand Ha’ se pa 23 i Wind and rain....| Trees uprooted; tents blown over; plate-glass Do. 
broken and some telephones out of 
order 
Tl. north 23 Wind. of interurban line prostrated; traffic de- Do. 
Louisiana (eastern coast), | 25-26 |. 25 000 | Hurricane......... and contents damaged; heavy Do. 
Mississippi (southern crop loss; telephone and telegraph 
wont of). sustain heavy losses; ayed. 
(eastern part | 25-26 Wind........--.-.| Grain shattered; fruit blown Do. 
Pig Fork, Mont. (near)....|  26.| P. m High wind......-- Rural telephone lines down; roads obstructed... Do. 
W eak, 29 ve ..| Character of damage not Do. 
Bie tot Valley, 29 1, 760 600 | Wind and hail... pone p y d reported Do. 
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STORMS AND WEATHER WARNINGS 
WASHINGTON FORECAST DISTRICT 


From reports now available it is apparent that a dis- 
turbance of slight intensity moving on a WNW. course 
was about 500 miles oetiedaal of Basseterre, St. Kitts, 
on the morning of the Ist. It then moved NW. with 
increasing intensity to a point about 250 miles S. by W. 
of Bermuda by the evening of the 5th, when the first 
definite indications were received in the report of falling 

ressure and increasing NE. winds at Bermuda. In- 
ormation was broadcast at that time that the disturb- 
ance was speeredey of considerable intensity and 
moving NNW. with the admonition that vessels north 
and northwest of the center should exercise caution. 
The storm (see track No. III, Chart II) moved north- 
ward and passed over Newfoundland, attended by winds 
of hurricane force. Warnings were broadcast twice 
daily. On the evening of the 7th there seemed to be 
some chance of gales off the Maine coast and storm 
warnings were displayed from Portland to Eastport, 
but strong winds were not reported from Maine coast 
stations. 

Vessel reports received by mail show that the dis- 
turbance was of considerable intensity as early as the 
lst, when the Dutch steamship Bellatris encountered 
winds of force 11 and lowest pressure of 29.39 in latitude 
22° 16’ N., longitude 56° 02’ W. 

It was next encountered by the steamship Baron Bel- 
lingham in latitude 28° 43’ N., longitude 63° 20’ W., at 
noon of the 5th with a barometer reading of 28.94 inches 
and winds of hurricane force. At 5:30 p. m. of the 5th 
the hurricane passed near the steamship San Gerardo in 
approximately latitude 30° N., longitude 66° W., with 
lowest barometer reading 29.12 inches and force 12 from 
the north. At 6 a. m. of the 6th the steamship Colorado 
Springs in latitude 31° 25’ N., longitude 67° 37’ W., 
reported a barometer reading of 28.90 inches and force 
12 from the north. Unfortunately, only the report of 
the Colorado Springs was received by radio. It assisted 
considerably in forecasting the progress of the storm. 

On the 22d storm warnings were ordered for the 
Atlantic coast between Boston and Hatteras in con- 
nection with a disturbance of slight intensity east of 
Hatteras. This disturbance never advanced northward, 
but was held in check by the high pressure area on the 
north and slowly decreased in intensity; storm warnings 
were lowered the evening of the 22d. 

On the 20th and 21st between Jamaica and the Yucatan 
Channel conditions were somewhat unsettled, and on the 
following day there were indications of a circulation on 
the extreme western coast of Cuba. It was not until the 
following morning that we had definite indications of the 
existence of a tropical disturbance. An observation 
taken at midnight of the 22—-23d on board the steamship 
Saramacca in latitude 22° 42’ N, longitude 88° W., 
showed a pressure of 29.34 inches, northeast force 7, 
raining. Accordingly information was disseminated that 
the disturbance was at least of moderate intensity but 
small diameter. Subsequently it advanced at a rate of 
about 12 miles per hour to about latitude 25°, longitude 
91°, and then turned northward, at a slower rate, esti- 
mated at 7 miles per hour, but with increasing intensity 
and extent. 

On the morning of the 24th advices were issued stating 
that the hurricane was apparently recurving to the north- 
ward and would probably reach the coast somewhere 
between Galveston and Burrwood. In the afternoon of 
that date advices were disseminated to the effect that 
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the storm was increasing in intensity and extent. At 
10 p. m. of the 24th hurricane warnings were ordered 
from Morgan City, La., to Mobile, Ala., with the infor- 
mation that the disturbance was moving north-north- 
eastward and that it would cross the eastern Louisiana 
coast attended by winds of hurricane force and high 
tides. Northeast storm warnings were ordered at the 
same time east of Mobile to Apalachicola and changed 
to northwest west of Morgan City to Galveston. 

: ae morning of the 25th the following bulletin was 
issued: 

Tropical disturbance increasing in intensity approaching eastern 
Louisiana coast. Every precaution should be taken in area af- 
fected taking into consideration extremely high tides that will 
ely occur between point where center strikes coast and 

obile. Steamship Cranford passed hurricane center 7.45 a. m. 
at approximately latitude 27° 40’, longitude 90° 40’. 

The tropical disturbance passed inland in the late 
afternoon of the 25th (see Track No. VIII, Chart II) 
slightly east of Morgan City, La., and nearly over but 
immediately west of Houma. The lowest barometer at 
the latter being 28.31 inches between 9.30 and 9.55 p. m. 
of the 25th and at Morgan City 28.80 inches between 
11.15 p. m. of the 25th and 12.30 a. m. of the 26th. The 
lowest reading at New Orleans was 29.37 inches at mid- 
night and 1 a. m. of the 26th. Details regarding winds 
and tides in Louisiana and their effects are given under 
the report of the New Orleans district. 

No seriously destructive effects of the storm were 
experienced on the Mississippi and Alabama coasts, al- 
though maximum tides of 3 to 4 feet or more above 
normal were reported from Mobile westward to the 
mouth of the Mississippi River. The lowest pressure 
at Mobile was 29.78 at 2 a. m. of the 26th with a maxi- 
mum wind of 43 miles per hour. 

This disturbance was of limited extent but of great 

intensity. The warnings were accurate, complete, 
timely and the damage remarkably small. In the sec- 
tion around Berwick and Morgan City where the winds 
were severe, the losses were extremely small, as indicated 
by the following letter from the president and general 
manager of the Louisiana Oyster & Fish Co., dated 
August 28: 
' On behalf of this company and the citizens of Morgan City and 
Berwick I wish to thank you for the splendid service rendered by 
your department during the past storm. Advices given by you 
made it possible to save much property and many lives. 

The writer received your phone message at 1 o’clock Monday 
morning. At 7 a. m. we had a fast boat on the way to the shrimp- 
ing grounds and at 9 o’clock the word was passed around giving 
everyone outside in this vicinity plenty of time to ‘get away from 
the coast. As a result, there was not a loss of life that we know 
of in that territory and no boats lost. The only boats lost here 
and at Morgan City were the property of those who refused to 
move their boats away from the front and put them in harbor. 
There were about 20 boats sunk here and none on this coast. 

The vessel-reporting service functioned splendidly, 
numerous reports, both regular and special, being re 
ceived. The steamshi est Quechee passed thro’ 
the center or “eye” of the hurricane, where the win 
dropped from hurricane to force 4. The captain reports 
that st that time quantities of birds were encoun 
“so thick about the vessel that the second mate went 
on deck and literall ssoopedt them up by the armful, 
carrying them into the deck house.” | 

ter crossing the coast the disturbance rapidly de 
creased in intensity. Within 24 hours the lowest pres 
sure reported was 29.72 and highest wind 16 miles per 
hour, and in the following 12 hours it had disappeared. 
The rapidity with which intense tropical disturbances 
decrease in intensity after passing inland is truly t 
markable. 
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The barometer readings at Morgan City and Houma 
furnish data from which some idea of the pressure 

adient in this and other hurricanes may be obtained. 

he distance from -Morgan City to Houma is approxi- 
mately 29 miles. At 9:40 p. m. of the 25th, when the 
pressure was lowest at Houma, 28.31 inches, the pressure 
at Morgan City was about 28.97, a difference of 0.66 inch 
in a distance of 29 miles, or a gradient of 0.0228 inch per 
mile. However, the center passed west of Houma and 
east of Morgan City, thereby reducing the distance, as 
near as can be estimated, to 22 tiles: Further, the 
ressure was undoubtedly lower at the center than at 

ouma, which would increase the difference between the 
pressure at Morgan City and that at the center a tenth of 
an inch on a conservative estimate, making the gradient 
0.035 per mile. 

e the present hurricane was severe it was neither 
of the extent nor development of some in other years. 
Unfortunately, only in a limited number of these dis- 
turbances have we authentic barometer readings from 
two stations properly located near the center. One of 
the most remarkable of these was the hurricane of Sep- 
tember, 1919, which passed on a course about west- 
northwest, 30 or 40 miles south of Key West. Sand 
Key lies about 8 miles south of Key West. At both 
stations mercurial barometer readings are available, as 
follows: Lowest, Key West, 28.83 inches, and at Sand 
Key, 28.35 inches, a difference of 0.48 in 8 miles, or 0.06 
inch per mile.—R. H. Weightman. 


CHICAGO FORECAST DISTRICT 


The temperature averaged above the normal over most 
of the forecast district, there being a slight deficiency in 
northern Michigan and western N orth Dakota only. 
The excess was considerable on the central Great Plains, 
where extremely warm weather prevailed on several days. 

The distribution of rainfall was rather irregular, 
deficient in some portions and excessive in others. The 
largest rainfalls occurred in the Ohio Valley, Cairo having 
a total of 12.02 inches during the month. In conse- 
quence of the heavy rains, some areas in the central 
valleys were flooded. ' 

Storm movement across the district was rather sluggish, 
but the area covered by rainfall was at times unusually 
extensive for the season. 


The one disturbance attended by strong winds devel- 
oped in the west near the close of the second decade. 
Its center reached Lake Michigan on the night of August 
20 and passed over Lake Huron on the 21st and 22d. 

is storm was attended by rather strong winds and 
severe squalls on Lakes Huron, Erie, and. Ontario; 
small-craft warnings were ordered for. these lakes on the 
morning of the 20th and continued on Lakes Erie and 

tario on the 21st. Reports show that a small steamer, 
the Harold 8. Gerkin, which left the city of Erie, Pa., on 
the morning of the 2ist, was sunk 8 miles out in the lake. 
he ship carried a crew of 20 men, of whom 16 were 
own to be rescued. 

No frost warnings of any kind were issued, and no 
frost occurred. 4 

Special fire-weather forecasts were issued at times to’ 
the State and National Forest Service for the northern 
Michigan peninsula, and special fruit-spray forecasts to © 
the orchardists in Door County, Wis., and southwestern ‘ 
ower Michigan. 

The forecast center made special forecasts day by day 


or the annual commercial reliability tour of airplanes °. 
Which started from Detroit August 7 and, after a tour of | 
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middle-western cities, returned to that place August 21, 
1926. The tour started with 28 planes and finished at 
Detroit with 19 stillin the race. (Special report was made 
on this work in letter of August 27, 1926.)—H. J. Cow. 


NEW ORLEANS FORECAST DISTRICT 


The only warnings required were in connection with 
the tropical hurricane of August 23-26. Warnings were 
issued by the central office, as follows: 


August 23, advisory, noon: Tropical disturbance of at least 
moderate intensity but small diameter in approximately latitude 
23, longitude 88. 

August 23: Hoist northeast storm warni 10.30 p.m. New 
Orleans to Matagorda, Tex. Tropical disturbance of considerable 
intensity but small diameter moving northwest. Estimated 
position, latitude 2544, longitude 9044. Impossible to indicate 
where storm will strike coast, but interests should be prepared to 
take quick action on to-morrow morning’s advices. 

. August 24, advisory, 10.30 a. m.: Tropical disturbance located 
approximately latitude 26, longitude 92, of considerable intensity 
but small diameter, apparently recurving to the northward, will 
robably reach the coast somewhere between Burrwood, La., and 
alveston late to-night or early Wednesday morning. Area over 
which destructive effects will be felt will be small. 
advices this afternoon. 

August 24, advisory, 5.30 p. m.: Nothing in reports received 
this afternoon to change this morning’s advices, except that 
disturbance appears to be increasing somewhat in intensity and 
extent. In absence of reports near center, estimated position at 
5 p. m., latitude 27, longitude 92. Further advices to-night. 

August 24: Hoist hurricane warnings 10 p. m. Morgan te 
La., to Mobile, Ala. Tropical disturbance moving north- 
northeastward, central about latitude 28, longitude 904%. Will 
cross eastern Louisiana coast line late to-night or early to-morrow 
morning. Northeast and east winds will increase to hurricane | 
force by Wednesday morning, accompanied by high tides. Advise 
all interests that storm is increasing in energy and extent. North- 
east storm warnings have been ordered east of Mobile to Apa- 
lachicola and storm warnings have been changed to northwest west 
of Morgan City to Galveston. 

August 25, advisory, 9.30 a. m.: Tropical disturbance increasing 
in intensity approaching eastern Louisiana coast. Every precau- 
tion should be taken, taking into consideration extreme high tides 
that will probably occur between point where center strikes coast 
and Mobile. Steamship Cranford passed hurricane center 7.45 
a. m. at approximately latitude 27°, 40’, longitude 90°, 40’. 

August 25, 3.30 p. m.: Continue hurricane warnings 10 p. m. 
Morgan City, La., to Mobile, Ala. Tropical disturbance of great 
intensity near eastern Louisiana coast moving slowly north-north- 
east. Increasing northeast and east winds will reach hurricane 
force to-night. Winds will be dangerously severe and tides high. 
Every precaution should be taken. 

August 25, advisory 9 p. m.: Tropical disturbance passing inland 
near and probably am east of Morgan City, La., moving north- 
northeastward, attended by dangerous shifting winds. No further 
advices this disturbance. 


Further | 


WEIGHTMAN. 


The morning reports of the 26th showed that the storm 
had advanced inland to central Louisiana and had 
decreased greatly in energy. Warnings for this district 
were accordingly lowered soon thereafter. 

This tropical disturbance, increasing in intensity as 
it slowly approached the eastern Louisiana coast, reached 
the coast in the afternoon of the 25th as a remarkably 
intense hurricane. When on the Louisiana coast it was 
about half as extensive as the great storm of September, 
1915, but the barometric gradient within 50 miles of the 
center was fully as steep as in that storm. From reports 
of damage, the usual condition of strongest winds to the 
right of the center was fulfilled, but as intense storms of 
slow movement have less difference between wind 
velocity in the right and left segments than more rapidly | 
moving storms, it is not surprising that winds of hurricane 
force occurred at Mo on, City. which was to the left of 


the storm center and afew milesinland. West of Morgan 
City the wind velocity fell off rapidly, as shown by the 
effects of the storm. 
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Moving north-northwest, the storm passed inland over 
southern Terrebonne County, its center slightly west 
of the town of Houma, where the lowest barometer read- 
ing, corrected by bell jar comparison, was 28.31 inches, 
at 9:30-9:55 P. m. At Morgan City, 32 miles northwest 
of Houma, the lowest barometer reading, corrected in 
the same manner, was 28.80 inches, between 11:15 p. m. 
of the the 25th and 12:30 a. m. of the 26th. The maxi- 
mum wind velocity at Morgan City, up to the time the 
anemometer became unserviceable, was 70 miles an hour 
from the northeast at about 10:30 p. m., with an extreme 
velocity within a period of 10 seconds, of 90 miles an 
hour. At New Orleans the lowest barometer reading 
was 29.37 inches at midnight and 1 a. m. of the 26th, 
and the highest wind velocity was 44 miles an hour from 
the southeast at 9:42-9:47 p. m. of the 25th, with an 
extreme velocity of 52 miles for the fastest mile, though 
gusts too brief to register had still higher velocities. 

After passing between Thibodaux and Morgan City, 
the further course of the storm center was along or near the 
west bank of the Mississippi River to east-central 
Louisiana, where the storm had so greatly weakened by 
7 a. m. of the 26th that the winds were no longer danger- 
ous. The greater part of the damage occurred from 
New Orleans westward to Franklin and from Donaldson- 
ville southward to the coast. In New Orleans the 
damage, estimated at $250,000, was principally due to 
fires where electric wiring was probably rendered defective 
by the winds, though there was considerable damage also 
to roofs of houses here and elsewhere in the storm-swept 
section. 

An authentic, complete survey of the property losses 
has not been made but the probable loss is between 
$3,000,000 and $5,000,000, besides considerable damage 
to crops and trees. The Bureau of Agricultural Econo- 
mics estimates that damage from the storm in percentage 
of normal crops for southern Louisiana, was about 8 per 
cent to sugar cane, 9 per cent to rice, 6 per cent to corn, 
3 per cent to soy beans, and 14.7 per cent to pecans. 
Cotton, of which the acreage in this part of the State 
is small, suffered considerable damage also. 

No vessel losses off the coast have been reported to 
this office. A number of small boats were sunk in harbor 
at Morgan City and in the Terrebonne section. In the 
Mississippi River a few river boats and barges, with 
cargoes went down. 

wenty-five persons are known to have lost their lives 
as a result of the storm, a few through contact with live 
wires, but nearly all from drowning on Felicity Island and 
near Gibson, both in Terrebonne County, and from the 
copmnine of a boat in the Mississippi River near Convent, 

a. 

In general the tides were not remarkably high for a 
hurricane. In southeastern Terrebonne County, where 
the storm was most severely felt, the tide was 3 to 6 feet 
above normal over the marshes and streams, with one 
report of 15 feet above normal in a small stowage about 30 
miles south of Houma, while along the western Terrebonne 
coast the tide was near normal. The highest readings of 
the river gauge at Morgan City were only slightly above 
normal and reports from Burrwood indicated a storm tide 
of scarcely more than a foot. Considerable water accu- 
mulated in bayous and lakes around New Orleans but 
was not high enough to cause material damage or to delay 
train service on the Louisville & Nashville Railroad, the 
storm tide at Chef Menteur, northeast of New Orleans 
on this line, being about 4 feet. The Southern Pacific 
Railway and the Illinois Central suffered minor damage 
and delay of a day or two in train service. 
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The timely warnings resulted in the saving of much 
property and many lives. Boats and radiophone carried 
the warnings to Cameron Parish and through the Bara- 
taria Bay section to Grand Isle. The merchants of 
Houma, Morgan City, and other towns, through the aid 
of fishermen, sent the warnings to isolated sections of 
Terrebonne and St. Mary Counties. Interests concerned 
mail, telegraph, telephone, and radio’ were utilized an 
with the able assistance of the daily yreegnree. the 
warnings were well disseminated through the inland ter- 
ritory. The stations WSMB and WCBE of New Orleans 
and KPRC of Houston rendered valuable service and 
those of the Tropical Radio Co. and the United States 
Navy were very effective in behalf of marine interests and 
in collection of important weather reports from ships in 
the Gulf of Mexico.—R. A. Dyke. 


DENVER FORECAST DISTRICT 


The usual low-pressure conditions of summer prevailed 
over the Great Basin and southern Rocky Mountain 
regions during most of August; and during the first half 
of the month the Pacific Ocean high pressure extended 
well to the northeastward over the Alaskan coast and 
into western Canada. This distribution resulted in 
frequent light showers and thunderstorms in the central 
and southern mountainous regions of the district, and 
in dry weather in western Montana. On the morning 
of the 16th the Alaskan high pressure was replaced by 
a rather deep Low that had moved eastward from the 
Aleutian Islands, and thereafter throughout the month 
low pressures prevailed over Alaska and western Canada. 
At times during this period offshoots of the Pacific nicH 
overspread northern California and extended inland to 
the northern Rocky Mountain region, causing general 
rains over the Pacific northwest and in Montana and 
Wyoming, effectually breaking the drouth. When the 
pressure was not unusually high along the California 
coast and low pressure continued along the Canadian 
border, unusually high temperatures prevailed in Mon- 
tana and Wyoming. 

Daily forecasts of wind direction and velocity for 
western Montana were furnished for the benefit of the 
Forest Service in combating the serious forest fires in 
that region. No other warnings were required.—E. B. 
Gittings, Jr. 


SAN FRANCISCO FORECAST DISTRICT 


The barometer was high over the greater portion of | 
the northeast Pacific Ocean during the early part of 
August, with pressure considerably above normal in the 
Gulf of Alaska. A movement of this anticyclone caused 
rising pressure over the North Pacific States and western 
Canada on the 5th and advices of warmer weather were 
issued for Oregon and Washington, which were duly 
amplified in the fire-weather warnings by officials in 
those States. Temperatures rose as predicted and 
remained generally above normal with low humidity 
until the 9th. Similar warnings were issued for northern 
California on the 5th and, although temperatures did 
not rise materially, the hazard in the forested areas 
increased and numerous fires started. In the Shasta 
National Forest, in the extreme northern end of the 
State, the situation became so acute that the forest 
supervisor asked for special advices daily. These were 
sent to him morning and evening until the fires were put 
under control. Similar daily service was given the 
Sequoia National Forest on the 17th, and for several 
days thereafter, to aid in the suppression of serious fires 
in that area. | 
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» On the 17th a radical change took place in the weather 
of the North Pacific States. The drought which had 
prevailed since the 19th of June was terminated by the 
southeastward movement of a low-pressure system from 
the valley of the Yukon. Rains and lower temperatures 
brought marked relief to the forest-fire situation in 
Oregon, Washington, and Idaho, a ee in conditions 
which was anticipated 12 to 24 hours by district and 
local forecasts. Another disturbance of similar type 
roduced general rains in the northern parts of the 
vistrict on the 26th. Its behavior was unusual in that 
the rain in the north was preceded by showers in the 
coast range counties of California from the bay region 
northward, which, though light, were sufficient to 
require the covering of fruit in the process of sun-drying. 
Adequate warnings were issued to provide for protective 
measures. 

On the 28th the first disturbance showing R doce Fall 
characteristics appeared in the Gulf of Alaska, the 
pressure variation charts showing large changes on that 
and succeeding dates. This storm brought general rains 
to the North Pacific States and further relief to the fire 
situation in the forests. These rains were predicted 24 
hours in advance.—T. R. Reed. 


RIVERS AND FLOODS 
H. C. 


The floods of August were few and of very moderate 
character. The Trinity River of Texas was in moderate 
flood during the last week of July and crested on August 1 
at a stage of 30.3 feet, 5.3 feet above the flood stage. 


The crest stage at Trinidad was 31.1 feet, or 3.1 feet 


above the flood stage, on August 5, but there were no 


floods below that point. A crest of 26 feet also occurred. 


at Dallas immediately after the heavy rains of August 
17-19. The floods were properly forecast and no losses 
of consequence pons These rains also caused 
moderate floods in the Sulphur River of Texas. Flood 
warnings were not necessary and no he yg of damage 
were received. The excessive rains of August 16-18 
over the upper drainage area of the Black River of 
Arkansas were followed by a flood that, while of small 
roportions, required flood warnings for the benefit of 
umber, livestock, and agricultural interests. Stock and 
portable ey were taken from the bottoms and there 
were no losses of consequence. ; 

From August 17 to 19 the average rainfall over the 
upper drainage basin of the Wisconsin River was very 
nearly 5 inches, and under ordinary conditions there 
might have been a repetition of the great flood of July 
24-25, 1912. That a disastrous flood did not occur was 
due (1) to the very dry condition of ‘the soil and (2) to 
the prompt collection and dissemination of data and 
information by the Weather Bureau and its immediate 
and effective use by the power companies. These 
companies were enabled to open sluice gates in time to 
permit great volumes of water to pass down the stream 
in advance of the flood waters and materially lower the 
flood crest. Only at Knowlton, Wis., did the waters 
tise much above the flood stage (crest, 18.7 feet, or 6.7 
feet above flood stage), and the reason therefor lies in 
the heavier local rains (over 6 inches) that fell over that 
section (Wausau 7.86 and Knowlton 5.42 inches). Flood 
Stages did not actually oceur below Wisconsin Rapids, 
yet the district officials wisely issued warnings for 
moderate floods, and a special report received indicated 
that the warnings permitted the saving of a large quantity 
of construction equipment at Prairie du Sac, Wis. 
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The losses as reported did not exceed $6,000 in crops 
and $1,000 in lost lumber. There was, however, some 
damage to railroad trackage in the Wisconsin Valley. 


Flood stages during the month of August, 1926 


Above flood Crest 
Flood stages-—dates 
River and station stage 
From—| To— | Stage | Date 
ATLANTIC DRAINAGE 
Santee: Feet Feet 
_ MISSISSIPPI DRAINAGE : 
Little Miami: Kings Mills, Ohio............ 17 19 19 19.9 19 
— Norway, 6 22 24 6.1 22 
isconsin Rapids, Wis_...........-..... 12 23 23 12.6 23 
Black: Black Rock, Ark._-.........--.-..-.. 14 19 19 14.1 19 
Crossing, T'ex. 20 19 21 21.2 20 
Zo 
Wiles, @) 3{ 2&1 1 
WEST GULF DRAINAGE 
Trinity 
1 Continued from last month. 


MEAN LAKE LEVELS DURING AUGUST, 1926 
By Untrep States Laxe Survey 
[Detroit, Mich., Sept. 3, 1926] 


The following data are reported in the Notice to Mari- 
ners of the above date: 


Superior and Erie Ontario 


Mean level during August, 1926: Feet Feet Feet Feet 
Above mean sea level at New York.-.--.-- 600. 98 578. 59 571. 30 244. 99 


Above or below— 
Mean stage of July, 1926......_.-. +0. 12 +0. 06 +0. 08 —0. 21 
Mean stage of August, 1925__.._. —0. 4 +0.15| +0.22 -+0. 09 
Average stage for August, last 
—1.47 —1. 96 —1.16 ~1.30 
Highest recorded August, stage..| —2.95 —4. 92 —2.81 —3. 27 
—0. 54 +0. 15 +0. 22 +0, 64 
eparture (since of the August 
Seal from the July level. +0. 11 —0. 06 —0. 19 31 


1 Lake St. Clair’s level: In August, 1926, 574.01 feet. 


EFFECT OF WEATHER ON CROPS AND FARMING 
OPERATIONS, AUGUST, 1926 


By J. B. Kincer 


General summary.—East of the Mississippi River the 
widespread rainfall about the beginning of the month 
was very favorable in conditioning the soil for crop 
growth and ag ee and there was sufficient moisture 
in practically all sections of this area, except the middle 
Appalachian Mountain region. In the extreme lower 
Missouri Valley and over much of the central and north- 
ern plains, however, very unfavorable droughty con- 
ditions continued until after the middle of the month 
when there was sufficient rain to be of much benefit, 
especially to the rag and to cultivated crops that were 
not too far gone. During the latter part of the month 
rainfall continued insufficient over the Great Basin, but 
the drought was largely relieved in the Great Plains 
and some good showers occurred over the far Northwest. 
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Near the close of the month heavy rains and high 
winds attending the tropical storm which moved inland 
over central Gulf districts were damaging to growing 
crops, and at the same time too much rain in the South- 
east was unfavorable. Otherwise weather conditions dur- 
ing this period were mostly favorable, except for interrup- 
tion to field work, especially to haying and threshing, in 
most of the interior valley and northern States. 

Small grains.—Early in the month the harvesting of 
sone wheat was completed over southern portions of 
the belt, and oat harvest was nearly finished, except in 
some late northern districts. During the first three 
weeks, however, too much rain over most of the Winter 
' Wheat Belt and to the northward was decidedly unfavor- 
able for threshing, especially from Pennsylvania, the 
northern portions of the Ohio Valley States, lowa, and 
South Dakota northward, and there was considerable 
damage to grain in shock by sprouting and molding. 
Toward the close of the month conditions became more 
favorable, with moderately warm and mostly fair weather, 
and threshing made better progress. The rains were 
favorable in conditioning the soil for plowing, and this 
work became active with soil in good condition every- 
where, except in some of the more western sections of 
the Winter Wheat Belt. Grain sorghums made mostly 
satisfactory advance in the lower Great Plains, as did 
also rice in Arkansas, Louisiana, Texas, and California, 
except for damage in Louisiana by the tropical storm. 

Corn.—From the lower Missouri and middle Missis- 
sippi Valleys eastward rains during the first half of the 
month favorably affected the corn crop, and progress 
was very good to excellent. In the extreme lower 
Ohio Valley where severe drought had prevailed corn 
responded nicely to the better weather conditions, and 
additional moisture was opportune in much of the lower 
Missouri Valley. In parts of the central Great Plains, 
however, especially in western Kansas and southern 


Nebraska, the crop was badly damaged by the drought, 
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and the rains that occurred soon after the middle of the 
month came too late to be of much benefit. The latter 
pe was generally favorable east of the Great Plains, 

ut the corn crop was mostly late; dry, warm weather 
was needed to hasten maturity. Late corn advanced 
favorably in the South, with the crop showing material 
improvement in the Southeastern States where moisture 
conditions were improved. 

Cotton. —The early part of the month was fairly favor- 
able for cotton, although there was too much moisture 
in —_ of the East, with complaints of weedy growth 
and of shedding in wet areas. During the middle portion 
conditions were less favorable, as rainfall was too fre- 
quent in much of the East and also in the north-central 
portion of the belt. In the western portion the progress 
of the crop was poor to only fair, principally because of 
shedding and weevil and worm damage. During the 
latter part of the month temperatures were mostly 
favorable and rainfall unevenly distributed, with heavy 
to excessive amounts in Gulf sections from the Mississippi 
Valley eastward to Florida, which were unfavorable. 
There was considerable damage in south-central portions 
of the belt from wind and rains accompanying the tropical 
storm. 

Miscellaneous crops.—The frequent rains and moderate 
temperatures were unusually favorable for meadows and 
pasture lands in practically all sections from the Missis- 
sippi Valley eastward, and they were in generally good to 
excellent condition for the season. In the central and 
northern plains, however, it was too dry for the range, 
with unfavorable drought continuing in the Great Basin. 
There was some complaint of potatoes rotting, because 
of too much moisture, in some Central and Northern 
States east of the Great Plains, but in general truck 
crops showed improvement in the eastern half of the 
country. Prunes were damaged considerably by rain 
in the Pacific Northwest, but good fruit-drying weather 
prevailed in California. 
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CLIMATOLOGICAL TABLES 
CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau 
the monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures 
with dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated 
by the several headings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using ail trustworthy records available. 

he mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 
stations. 

na? Condensed climatological summary of temperature and precipitation, by sections, August, 1926 


Temperature Precipitation 
Monthly extremes Greatest monthly Least monthly 
3 Station 4 g Station 2 3 Station Station 

oF} oF. In. In In. In. 
80.6 | +1.0 | 3 stations............| 101 | 120} Valley Head... ...... 59 8 || 6.90 ; +2.36 | Robertsdale. 14.15 | Fort Deposit........ 2. 50 
80.1 | +0.4 | Fort Mohave -.....- 118 9 | 2stations....... ....- 30 | 124 1.09 | —1. 22 | Elgin (mear).... 4.7% | 5stations. _.........| 0.00 
80.7 | +1.0 | Calico Rock. .-...-.| 110 6 Putten. 47 | 125 || 5.50 | +1.81 | Mammoth Spring)..| 12.91 | Grannis...........-- 1.08 
72.1 | +0.4 | Greenland Ranch...| 124 24 | Helm Creek... -....| 24 27 0.08 | | Julian 1. 52 | 98 stations._......... 0. 90 
| +1.1 | 106 | 141 24) 118 63 | Julesburg..... ... .|.°5.68 | Rocky Ford_......-. 0. 60 
81.9) +0.5 122 | Cottage Bill........ 66 4} 8.13 | +1.42} 16.13 | Fernandina _........ 1.28 
81.0/ +16 | 50 26 5.05 | —0.17 | 10.76 | Lumber City...-...| 1.38 

66.6 | +0.8 24 | Grays Lake......... 22 31 || 1.34 | 40.66 | Musselshell ........- §.27 | Gooding............|. T. 
75.7 | +15 6 | Waukegan 48 28 4.78 | +1.33 | Cairo... 0 97 
75.4 | +2.1 11 | 3. stations ...._....-- 48 18 || 6.16 | +2.85 | 12.97 | Whiting............. 0.79 
73.5 | +18 9 | 2stations............| 47 7 3.80 | +0.36 | Fairport .....-.....- Audubon ........... 1. 64 
.| 79.41 +19 48 27 || 2.84 | —0.22 | Pleasanton... .....- 11.81 | Tribune... .......-.- 9. 28 
77.3 | +17 6 | 51 26 || 7.51 | +3.80 | 12.63 | Sergent.........-...; 2:26 
82.4 | +0.8 22 | Lake Providence....| 58 9 || 8. 09 | +2.86 | Donaldsonville..---- 17.93 | Plain Dealing_..-.-.-. 1.34 
75.0 | +1.7 11 | Grantsville, Md____. 42 31 |) 6.42 | +2.15 | Oakland, Md_-..--.. 10.13 | Wilmington, Del....| 2. 67 
67.8 | +1.3 28 | Vanderbilt_...._...- 31 || 3.43 | +0.63 0.75 
66.9 | +0.3 27 35 7 || 3.63 | +0.48 | Willmar... 9.76 | 0. 98 
81.8 | +1.3 16 | Duck Hill... 59| 8 || 6.42| +220] Bay St. Louis......- 16.42 | Vicksburg.....-. -.- 1. 89 
77.5 | +15 16 | 3 stations. ........... 50 | 125 || 5.63 | +1.95 | Hollister_..........- 13. 55 | St. Louis (No. 1)....| 1.83 
64.3 | —0.3 25 27 || 1.60 | +0.46 | 4.08 | Choteau..........-.| 0.36 
74.8 | +2.0 | 2stations............| 111 | 125 | Fort Robinson......| 39 21 || 3.68 | +0.87 | 9. Lake Minatare......| 0.19 
71.6 | +0.4 | Logandale. ......._-- 112| 238 Rye Pateh........-- 22} 3) |) 024 | —0.18 | 2.76 | 9 stations... .....-.-. 0.06 
New England -. .| 66.5 | —0.3 | Waterbury, Conn..-| 100 3 32 | 119 || 3.63 | —0.23 | Millinocket, Me....| 7.68 | Concord, N. H..---- 116 
Jersey 72.8 | +0.8 | Bridgeton......_.... 101 | 113 38 31 |} 6.58 | +1.76 | Hightstown..-....... 8.%4 | Bridgeton. .......... 3. 74 
New Mexico 70.5 | +0.4| Nara Visa_.......... 13 23} 1.56 | —0.88 | 4.52 | Tularosa............ 0.17 
68.3 | +1.0 3 32 31 || 4.91 | +1.14 | Mount Vernon... 2. 43 
78.2 | +28 13 40 4.34 | —1.09 | 9.87 | 1.10 
65.6 | +0.2 26 36 | 115 || 2.43 | +0.15 | 9.76 | Cooperstown... 0. 80 
74.0 | +2.3 il 38 31 }} 5.92 | +2.45 | Hamilton (No, 2)..-| 11.38 | Wooster (No. 1)..... 2. 7h 
80.9 | +0.1 7 60 26 || 4.04 | +0.68 | Antlers._...........- 9.42 | Kenton .......-....- 0. 40 
67.1 5 24 25 1.48 | +0.94 | Classic Lake_-.....- 4.69 | 2stations..........-. 0. 00 
71.9 1.9 10 i 32 31 || 5.69 | +1.46 | Muncy Valley --._-- 10. 04 | 2 stations........-. 2. 95 
80.7 | +1.8 20 | Hogback Mountain.} 55 24 || 3.46 | —2.36 | Edgefield._........- 6.05 | Little Mountain....}. 1, 5! 
71.2 | +1.4 125 | Camp Crook..---.-- 40 23 2.51 | —0.12 | 0. 60 
78.1 | +1.3 12 | Crossville........... 48 26 || 7.91 | +8.98 | 13. 83 | Parksville........... 3.93 
.-| 82.6) —0.1 | 112 1 | Junetion............| 48 26 |} 2.33 | —0. 23 nd. ..........| 8.98 | Rio 0.60 
70.38 | +0.9 | St. 110| 24 | 2stations............ 26 | 31 || 1.06 | +0.04 | Silver 2.94 | Leeds (near) 0.00 
76.5 | +2.4 | Winchester 106 11 | Burkes Garden.._.-- 44 19 || 5.68 | +1. 27 14. 46 | Callaville........... i. 62 
Washington . ....._... 65.6 | —0.4 | Mottinger.......... | 107 25 | 2 32 | 120 |! 1.87 | +0.93 | Paradise Inn.-...... 7.01 | 0. 05 
West Virginia... 74.0 | +2.1 | 11 | 38} 31 || 6.94 | +3.00| 15.36 | Upper Tract ....-..- 2. 95 
Wisconsin ..| 67.2 | +0.4 | Port Washington....| 101 | 28 36 | 117 || 4.35 | +1.03 | Wausau_.....-... ..-} 8 Port Washington...) 0.54 
Wyoming. --| 64.2 | +04 | 1 26 | 2 24 | 15 || 1.53 | +0.40 | Dull Center (mear)..| 3.64 | 0.09 
uy o,f een 75.2 | +0.6 | 2 stations............ 94} 121 | Kula Sanitarium....| 51 30 || 7.49 | +0.72 | Piihonua....-......- 41.94 | 4 stations.__......... 0. 00 

+0. 62 | Latouche........--.- 14.09 | Barrow... .........- 

Mystic Lake. ...--.- 4.08 | Ingomar..._........ 0.14 
"40.21 | 18 40 | Lajas Finca Julia. .| 1. 58 


* For 
; fans * tables and charts, see Review, January, 1926, p. 32. 
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TaB.LE 1.—Climatological data for Weather Bureau stations, August, 1926—Continued 
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TaBLE 1.—Climatological data for Weather Bureau stations, August, 1926—Continued 


instruments 


Elevation of 


sunoy 
punomeaoys 6S = 
| & 


how 


907 
08 
41 


425 


8 


071 


1 
1 


Independence. 957 
51 


1 


oo 74} 81) 25. 48) 29. 88 


344 


Coast 


nba 


Region 
North Head_.......... 


Seattle 
Region 


Alaska 


Middle Plateau 


Reno.... 


Northern Plateau 
Hawaiian Islands 
Honolulu. 


Panama Canai 


Balboa Hei 


Portland, Oreg........ 
Colon 


Salt Lake City_......-|4, 360) 1 
Grand 602 
Tatoosh 
Roseburg. 

Middie Pacific Coast 


473 
Yakima... 


North Paeific 


South Pacific Coast 


Sacramento. 
San Francisco. 
San Juan, P. R__....- 


Point Reyes 
Red Bluff... 


Miles. 

9} 4, 923) e. 

5, 693) sw 

9] 4,340) n 

7 4, 293 e. 

0} 4, 913) n. 

a 9| 7, 529) w. 

9} 3, 838} sw 

1) 3, 304] nv 

4| 5,406] s, 

9} 4, s. 

7| 8. 

2 0 In 

2| 8. 

s. 

755) 10} 52| 28.17] 29.92) 6, 346] s. 

Amarillo .-/3, 49) 26. 32} 29.96) +. ¢ 6, 346] s. 

| 944) 64) 71) 28.95) 20.91) +. q h| 7, 510) se. 

(3, 566} 75) 85) 26.38) 29.90) +. 38| 50; 0.40) —1.6| 3] 4, 597] se. 

0, 82} —0.3 

3, 778| 152} 175) 26. 19} 29. 87) +. 0 0.27; —1. 4] 6, 166) e. 

7,013} 38} 53] 23.38] 29. 88) —. 1. 50} —0.9| 11] 3, 986] se. 
6, 10} 59) 23. 48) 29.91) +. ¢ | 80} 38} 22) 48 6} 5, 316) nw 

1, 10) 82) 28.67) 29.79) 3} 3, 729) e. 

z | 54! 29. 64) 29.78) +. 19} +1.8} 2) 3, 423) sw 

5| 25) 25. 92) 29.87! +. 6 51 | 13 | nw 

6| 97) 24 87 —0.3} 5, 967| w. 

90 1] 44] 31] 60| 97) 52) 35) 32) se. 

—— +.0 7| 99| 24 go] 31| 31) 51) 55| 34] T. | 4, 624) sw. 

43) 24. 66) 29.88) +. 0 4 95) 24] 86| 31) 45| 52; 39] 0.76] —1.1) 8.5401 sw, 

63} 203| 25.62) 29.90] —. 01) 5} 98 1) 86} 49] 31) 63} 33] 57| 44) 391 1.221 40.4] 8] 5, 738] s. 

— 60} 68) 25.40) 29. 91] 01| 6} 99} 91) 56] 31| 34] 43/ 1.06] 0.0} 4, 552) se. 

| 8 41) 1.29) +0. 
48) 29.93) 02) 2} 96) 24) 81) 44) 2) 50, 1.57] +41. 3, nw. | 24] sw. 26) 15) 12) 0.0 
78} 86) 27. 1i| 29.901 — 03} 21104! 24| 45] 31] 59| 55 37| 0.77] +0.6| 5| 3,603| nw. | mw- | 301 41 3.0 0.0 
40} 29. 10) 29. 80) —. 06! 104} 25] 90| 28) 1.28] 61 2.3761 e. 26) nw. | 2617) 8| 3.8 0.0 
60| 68) 25.49] 29.91) 01 9G] 25] 46] 31| 57; 40) 4i| 43) 40.2] 81 6.156ls. | 491s. 12) 11, 13| 7| 5.0 0.0 
1) 180} 27. 91) 29.92) —. 03 98] 24) $2) 49] 22) 40} 53} 40) 44) 1,77) +41. 5} 3, 987] s. sw. | 26/17) 7| 7| 3.6) 
57| 65) 28.86) 29.91) —. 05 9/100} 25| 86) 53] 28 38} 57) 42) 39) 1.53) +1.1 3, 642) s. 24} w. | 26] 01) 6| 4/26) 
| 76) 1.941 +4.4 6. 
11} 56) 29,82) 30.04) +. 01) 58.7) +1. 1) 67 52} 6) 56) 12) 57) 56| 92) 2 45) +1.9| 12) 8, n. s. 3| 6| 83) 
—— 8} 30. 75) 44/ 10) 50 Q +0. 4,481) nw. | 33) w. 5| 13] 13)---.| 
15} 250) 29. 86) 29.99] 01) ‘64. 1| +4. 38) 52| 22) 56| 29| 57| 53 +1.1}  7| 5, 282) s. sw.-| 19| 5) 18) 8| 5.7) 
201) 29. 80} 30.00) —. 02) 64.4) +1. 8) 87) 52} 21) 2.05} +1.3 5, 341) n. 31) sw. | 26) 7| 13) 11) 6 

9} 29. 93) $0. 02} +. 02) 56.1) +0. 66) 50} 10) 53) 55) 55) 95) 2.83} +0.7) 12) 7, 053) s. 2| 10) 19) 8.1) ¢ 

38) 106) 29. $4) 30.00) —. 01) 69.2} +2. 5) 91 54] 54) 34) 61) 57 1. 95} +1. 3) 3,891] nw. | 16 nw. | 20/14) 8| 9146 
9| 29. 46| 30.01! +. 01) 68.6) +0. 6] 97 47| 431 58) 51) 61) 1.68) +1.4 2,498} nw. | 17) n. 1) 13) 4.2) 
: 

65.0) +0. | 

| 62) 73] 89} 29.98) 30. 05) +. 05] 57.6) +1. 6] 68} 23 3] 54) 1 7| 4,001) nw. | 29) n. 31} 9| 16| 7.1) 
| 490 18} 29.39 29. 53.6, O—. 9} 64, 23) 57, 46] 6 17, nw. 60) nw. | 30) 3] 6| 22| 
| 382) 50| 56) 29. 52) 20.87) +. 01] 78.1} —1. 6/106] 1) 94 30) 62) 41) 60) 41 6} 2) 3,774! se. 25) nw. | 31) 28) 3 
| 69) 106) 117) 29.81) 29. 88} +. 03] 73.0} +0. 1/100) 1] 51] 57; 52 0} 6,382) s. 24) s. 29) 2] 
| 208) 243] 29. 78) 29.95) +. 03] 60.8} +1. 7] 87] 23] 68 4! 54) 31) 55| 53) 83 0} w. | 34) | 18) 12) 12] 7146; 
= 141| 12} 110} 29. 80) 29. 95)______| 67. 0} +-0.3} 90) 23] 81] 49] 12] 53 EM 0 4, nw. | 24) nw. 25) 5| 1) 21) 
te 72.2| +0. 64 0 2. 
89} +. 04} 80. 4| —0. 3]106) 24) 97) 56] 30! 64 59} 43) 34 0| 5, 983| nw. nw. | 29] 29) 2} 
59} 19 +. 02| 72. 6) +1. 51102) 25 23) 63 64; 60| 72 6) 3,500) sw. | 15] sw. 5} 21) 10) 0) 2.6 0 
7 +. 01} 69.3} +0. 6} 80} 24] 74) 61] 22! 65) 18] 62 89) 1| 4,571) w. | 17 8. 25| 18, 10} 3) 3.5 
32} 4 +. 02| 66.4} +1. 3} 92) 23 48| 12) 44) 51| 69) 0 3,074, nw. | 18] w. | 30; 26) 5| 0/206) 
-...+-| 80.6} +0. 1] 91) 23 74) 19) 76) 8, 477| e. 15| 8 18| 5|5.1) Om? 
7| 97 +. 02} 80.0} —1. 7 70} 8| 74) 17} 76| 75| 88) 1 n. | 1 20) 7.8} 
7} 97 +. 01} 80.7) +0. 5] 91) 6] 86 71] 75, 76 88) n. 1B 7| 2418.5] 
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TaBLE 2.—Data furnished by the Canadian Meteorological Service, August, 1926 
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